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THE SIGNIFICANCE OF HEMOGLOBINEMIA AND ASSOCIATED 
HEMOSIDERINURIA, WITH PARTICULAR REFERENCE TO 
VARIOUS TYPES OF HEMOLYTIC ANEMIA 


Lr. Cot. WituiAmM H. Crossy, MepicaL Corps, UNITED STATES ARMY, 
AND WILLIAM DAMESHEK, M.D. 
Boston, Mass. 


EMOGLOBINEMIA may be defined as the existence of extra-corpuseular 

hemoglobin in the plasma in excess of the highest level normally found, 
i.e., 5 mg. per 100 milliliters. An excessive plasma hemoglobin concentration 
occurs as the result of intravascular hemolysis, and is therefore a prime in- 
dication of hemolytic disease. Under some conditions the concentration of 
free hemoglobin may become extraordinarily high. Values above 500 mg. per 
100 ml. have been observed in incompatible transfusion reactions and during 
the paroxysms of blackwater fever. When the concentration of plasma hemo- 
globin exceeds the renal threshold, hemoglobin is excreted in the urine. Since 
the threshold lies in the neighborhood of 90 to 100 mg. per 100 ml.,® 4% ?* 7? 
it may be surmised that a rather severe hemolytic reaction must precede the 
appearance of hemoglobinuria. With a threshold known to be of that order, 
hemoglobinuria may be considered a priori evidence of severe hemoglobinemia. 

Gross hemoglobinuria, as signalled by the appearance of red or black urine, 
is a dramatic experience. It has served as a magnet to draw the attention of 
many clinicians to some rare and interesting blood dyscrasias. For all their 
rarity, much has been learned of the diseases which exhibit this sign: the 
paroxysmal hemoglobinurias, favism, blackwater fever, and transfusion reac- 
tions. Hemoglobinuria also occurs in other more common conditions. It has 
been observed from time to time in acquired hemolytic anemia with an abnormal 
antibody.” **» 28 Cooley observed it in one of his first cases of erythroblastic 
(severe Mediterranean) anemia.* Hemoglobinuria in sickle-cell disease has 
also been noted occasionally.’ 3° 

Hemoglobinemia must always, it is believed, exist as a preliminary to 
hemoglobinuria. It is largely through the appearance of hemoglobin in the 
urine that attention has been directed to the presence of hemoglobinemia. Thus, 
most recorded observations have been concerned with high concentrations of 


plasma hemoglobin. Lesser degrees of hemoglobinemia have not often been 
identified; nevertheless they exist. When the plasma hemoglobin level lies 
between 10 and 40 mg. per 100 ml. the plasma may lack a reddish tint suggest- 
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ing hemoglobinemia. This occurs, not only because the concentration of hemo- 
globin is slight, but also because other pigments may be present. Bilirubinemia 
is a fairly consistent finding in any hemolytic disease, and methemalbuminemia 
is commonly associated with hemoglobinemia.* ° The orange bilirubin and the 
brown methemalbumin give the plasma a tan hue which may often mask the 
presence of the red oxyhemoglobin. 

The presence of iron-staining pigment in the urine (hemosiderinuria) has 
long been identified with hemolytic anemia. Marchiafava,'* whose name is 
commonly associated with nocturnal hemoglobinuria, called that disease ‘chronic 
hemolytic anemia with perpetual hemosiderinuria.’’ Rous*®> found hemosiderin 
in the urine of a patient with acquired hemolytic anemia and in several patients 
with pernicious anemia who had received many transfusions. Stats, Wasser- 
man, and Rosenthal*® recently stated that in hemolytic anemia other than 
nocturnal hemoglobinuria, hemosiderin is usually lacking from the urine or is 
present only in traces. 

In the present studies, observations were made of the plasma hemoglobin 
concentration in a variety of hemolytic and other hematologic disorders. The 
urine of these patients was also examined for the presence of hemosiderin. 


METHODS 


All glassware was cleaned with potassium dichromate cleaning solution and scrupulously 
rinsed. Blood was obtained by venipuncture using a syringe lightly coated with mineral oil. 
The syringe was allowed to fill by venous pressure and without the use of suction. The 
needle was withdrawn and removed, and 5 ml. of blood were allowed to run gently down 
the side of a test tube containing 200 units of heparin (0.1 ml. of Liquaemin-Roche-Organon). 
Blood and heparin were mixed by gently rolling the tube between the palms of the hands. 
One milliliter of the blood was centrifuged for ten minutes at 1,500 r.p.m. and the plasma 
withdrawn. The rest of the blood was used for fragility tests. The plasma was analyzed 
for hemoglobin using Ham’s12 modification of Bing and Baker’s method. One gram of 
benzidine dihydrochloride (Merck) was dissolved in 30 ml. of hot distilled water. To this 
were added 50 ml. of ethyl alcohol and 20 ml. of glacial acetic acid. Hydrogen peroxide 
was prepared as a 0.6 per cent solution in water. These solutions were always kept re- 
frigerated and were prepared every two to three weeks. The plasma to be tested was diluted 
if necessary to bring the hemoglobin concentration below 20 mg. per 100 milliliter. To 0.1 
ml. of plasma in a large acid-cleaned test tube were added 2 ml. of benzidine reagent and, 
after five minutes, 1 ml. of the hydrogen peroxide solution. A blank was prepared from 
the benzidine and peroxide solutions alone. Color in the unknown developed through green 
and blue to lavender. Ten milliliters of 20 per cent acetic acid were then added to each 
tube. The intensity of the color was established by the Evelyn photoelectric colorimeter. 
This instrument had been standardized using hemoglobin solutions of known concentration 
determined by the Van Slyke method of oxygen saturation24; 1.36 ml. of oxygen per gram 
of hemoglobin was the basis for the calculation. The accuracy of the method using the 
Evelyn instrument was well within + 10 per cent at levels of approximately 10 mg. of hemo- 
globin per 100 milliliters. 

Urine was tested for hemosiderin using the Prussian-blue reaction. Fifteen milliliters 
of urine were centrifuged. The sediment was resuspended in about 1 ml. of the supernatant. 
An equal volume of 5 per cent hydrochloric acid was added, plus about 0.5 ml. of a 10 per 
cent aqueous solution of potassium ferrocyanide. Hemosiderin appeared as deep blue particles 
in the sediment. If no color was visible grossly, the sediment was examined microscopically. 
Hemosiderin appeared as blue-stained granules within renal epithelial cells, as amorphous 
sediment and, occasionally, as blue-pigmented tubular casts. The intensity of hemosiderinuria 
was scored as follows: 
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1 + Microscopic 

2 + Blue granules in the tip of the centrifuge tube. 

3 + Blue button in the tip of the centrifuge tube. 

4 + large amounts of pigment. Centrifuging unnecessary. 


The diagnosis of hemolytic anemia, in addition to the information shown in Table IT, 
was supported by the following: erythroblastic hyperplasia of the bone marrow, reticulo- 
cytosis, anemia, acholuric jaundice, increased urinary and fecal urobilinogen, and splenomeg- 
aly. In the three cases of acquired hemolytic anemia in which no antibody was detected 
(Cases 5, 7, and 8), the diagnosis was established by a negative family study and the demon- 
stration of reduced survival time of transfused normal red blood cells. 

The abnormal autoantibodies were studied by various methods. The titer of autoag- 
glutinin was determined in bovine albumin suspensions according to the technique of Neber 
and Dameshek.2° Coombs’ test5 using anti-human globulin serum was also employed in 
most cases, as was Dacie’sé method for detecting hemolysins active at an acid pH. 


RESULTS 

A. Plasma Hemoglobin.— 

1. Control observations (Table 1) were made on over 100 normal plasmas 
and on the plasmas of over 100 patients without blood dyserasias. Without a 
single exception the plasma hemoglobin did not exceed 4 mg. per 100 milliliters. 
In most instances the value lay between 2 and 3 milligrams. The values in 
children, in mild Mediterranean disease, in sickle-cell trait, and in myelomatosis 
were usually lower than those found in normal adults. 

2. Acquired hemolytic anemia represents a heterogenous group of diseases 
which have in common a shortened survival time of the red blood cell due to 
extrinsic factors. The term ‘‘idiopathic’’ acquired hemolytic anemia is com- 
monly applied to a disease of unknown etiology in which antibodies against 
the patient’s own red blood cells (autoantibodies) may be demonstrated in the 
plasma, and affixed to the patient’s red blood cells. This same form of hemolytic 
anemia is sometimes associated with leukemia or a primary or secondary neo- 
plasm in some part of the reticuloendothelial system. Then, it is referred to 
as “‘symptomatiec’’ hemolytic anemia. Occasional cases are found, in which 
an immunologic basis for the hemolytic process cannot be demonstrated. In 
these, chemicai, parasitic, and splenic mechanisms may be present. Acquired 
hemolytie anemia is often chronic, but the patients frequently become critically 
ill and the rate of hemolysis becomes dangerously rapid. It was during and 
after such hemolytic crises that most of our observations were made (Table IT). 

When patients were examined during severe bouts of hemolysis the plasma 
hemoglobin was always found to be elevated. As crises subsided, the hemo- 
clobinemia diminished and often disappeared (Cases 1, 2, and 4). Modifica- 
tion of the plasma hemoglobin during the course of the hemolytic anemia was 
a fair index of the severity of the disease in these patients. Three patients, ex- 
amined one to three years after complete recovery from severe acquired hemo- 
iytie anemia, were found to have normal plasma hemoglobin values (they are not 
shown on the tables). In two of these patients there was still an appreciable titer 

f abnormal antibody against their own red cells, but abnormal hemolysis had 
ipparently ceased. In Case 2 (Table II) it may be noted that the plasma 
hemoglobin became normal after nitrogen mustard therapy, yet the patient’s 
lisease persisted. Brisk hemolysis was still evident from the anemia, jaundice, 
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TABLE I. PLASMA HEMOGLOBULIN VALUES IN VARIOUS BLOOD DySCRASIAS, IN NORMAL 
PERSONS, AND IN PATIENTS WITH No BLOOD DYSCRASIA 


RANGE OF PLASMA 


DIAGNOSIS NUMBER OF CASES HGB MG./100 C.c. 
Hereditary red-cell dyscrasias 
Sickle-cell trait Ss 1-2 
Mediterranean trait 23 1-3 
Hereditary spherocytosis 13 1-3 
Hereditary elliptocytosis l 2 
Hereditary nonspherocytic hemolytic 
anemia 6 2-4 
Hereditary stippling ] 4 
Hereditary crenation ] 4) 
Miscellaneous blood duscrasias with anemia 
Pernicious anemia 6 i-4 
PA plus Mediterranean trait 1 ] 
PA plus Hereditary spherocytosis ] 3 
Same during reticulocyte response to 
liver therapy 6-9 
Same after maximal response 3 
Cirrhosis of liver with macrocytosis 2 2 
Idiopathic thrombocytopenia 6 3-4 
Infectious mononucleosis 4 2-4 
Acute (blast) leucemia 12 3-5 
Chronic leucemia 7 3-5 
Hodgkin’s disease 8 2-4 
Myelomatosis 4 1-2 
Hemachromatosis 3 2-% 
Control studies 
Normal persons over 100 1-4 
Patients with no blood dyscrasia over 100 1-4 


It is probable that in all acute leucemias and many late cases of Hodgkin’s disease there 
develops a resistance to transfusion which is due in large part to hemolysis, although clinical 
evidence of hemolytic disease may be lacking. Such cases are included in this table. 

The values above are, for the most part, based upon repeated examinations of the 
patients enumerated. 


and reticulocytosis. One month later his spleen and an unsuspected intestinal 
tumor (lymphosarcoma of the ileum) were removed. Only then did the anemia 
and the hemolytic syndrome disappear. Patient 2 showed a lower level of 
plasma hemoglobin after nitrogen mustard therapy* and a still lower level 
after subsequent splenectomy. Both changes were attended by some measure 
of clinical improvement, but the patient died suddenly during an intercurrent 
respiratory infection several months after our last observation. The plasma 
hemoglobin concentration in Case 4 fell as the red cell count was brought by 
transfusions from 1 million to 3.5 million. After nitrogen mustard therapy 
this patient had a complete remission of the hemolytic disease with complete 
disappearance of abnormal antibody. The remission has now persisted for 
about three years. In several patients with chronic acquired hemolytic anemia 
(Cases 6, 11, 12), ACTH (adrenocorticotropie hormone) was found to produce 
a well-defined remission which was either partial or complete. In each case, 
the abnormal plasma hemoglobin regressed during the course of therapy and 
disappeared earlier than any of the other signs indicating hemolytic disease. 
When acquired hemolytic anemia was manifested by outspoken spherocytosis 


*Nitrogen mustard was used in an attempt to injure the reticuloendothelial system and 
so inhibit antibody formation. 
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(Cases 1, 3, 4, and 6) the plasma hemogiobin was generally higher and more 
consistently elevated than it was where no such evidence of red cell injury 
existed. 

The cases of acquired hemolytic anemia showed no variation in the degree 
of hemoglobinemia before and after sleep. The plasma of one patient (Case 4) 
was examined just before and immediately after a severe febrile reaction to 
the transfusion of compatible whole blood (plasma transfusion reaction). The 
hemoglobin concentration before transfusion was 17.5 mg. per 100 ml.; after 
transfusion it was 19 milligrams. 

3. Hereditary Spherocytosis: Thirteen patients with hereditary spherocy- 
tosis (congenital hemolytic jaundice) were studied. Nine of them were ex- 
amined repeatedly. Eight were examined before and after splenectomy. One 
of the patients who was not subjected to splenectomy was a 65-year-old man 
whose hereditary spherocytosis was complicated by pernicious anemia (Table 
I). Excepting for this case, the plasma hemoglobin in hereditary spherocytosis 
was always found to be low, and usually below 3 mg. per 100 milliliters. Three 
of the patients, all children, were observed during the crises which not un- 
commonly complicate this disease.» ** Two of these patients were brothers 
and were ill at the same time. In each of the three children, the plasma hemo- 
globin was determined repeatedly, and in no instance was it found to be elevated. 
It was, in fact, so strikingly low that the benzidine reaction turned a barely 
perceptible color, and values of about 1 mg. were recorded. It should be noted 
that the crises in these cases were associated with pancytopenia and indications 
of maturation arrest in marrow (aregenerative reaction).’ No cases of heredi- 
tary spherocytosis in crisis associated with an abnormal autoantibody were 
observed in this series. Such patients have been studied* *’ and, although the 
plasma hemoglobin levels were not determined, it seems probable that they 
would have been elevated. The presence of an abnormal antibody in hereditary 
spherocytosis suggests that an acquired hemolytic disease has been superimposed 
upon the hereditary. In the few cases in which hereditary spherocytosis has 
been reported with hemoglobinuria," '* ** the crisis may well have been due to 
the presence of abnormal antibodies. In fact, Ludke’® identified an abnormal 
hemolysin in his patient’s serum and Paschkis’ patient had a positive Donath- 
Landsteiner test for cold hemolysins.** In both instances, the diagnosis of 
hereditary spherocytosis was proved in the patient after his recovery from the 
crisis, and also by a positive family study. 

Hemosiderinuria was not observed in any of our patients with hereditary 
spherocytosis. It has, however, been reported to occur during hemolytie crisis 
in this disease.?® 

4. Severe Mediterranean Anemia and Sickle-Cell Anemia: All patients in 
this group of disease showed hemoglobinemia consistently.* The patients shown 





*It was suspected that the elevated plasma hemoglobin in severe Mediterranean anemia 
night have been an artefact. There exists in the blood of these people tiny fragments of red 
ells called schistocytes.4 These globules are not as easily sedimented by centrifuging as are 
‘ed cells. The following test showed that their presence is not sufficient to produce any great 
lifference in the values obtained for plasma hemoglobin. Blood from patient 18 was centri- 
fuged for five minutes at 500 r.p.m. which precipitated the red cells but not the schistocytes. 
‘his plasma was divided, and half was centrifuged again for fifteen minutes at 10,000 r.p.m. 
The recentrifuged specimen showed a hemoglobin concentration of 23 mg. per 100 ml, as 
gainst 25 mg. for the original plasma. 
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CASE 


14 


a. 


F66 


F'67 


F40 


M65 


E36 


61 


Hemolytic disease of newborn | 
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PLASMA HEMOGLOBIN VALUES AND URINARY HEMOSIDERIN IN 
HEMOLYTIC DISEASE 


Al 
DIAGNOSIS 
Acquired hemolytic anemia 
After splenectomy, 8 months 
Acquired hemolytic anemia 
Lymphosarcoma of the ileum 
Atter nitrogen mustard 
After splenectomy and re- 
section of intestinal tumor 
(during 1 year) 
Acquired hemolytic anemia 
aci 
After nitrogen mustard 
After splenectomy, 1 month a 
After splenectomy, 3 months e 
Acquired hemolytic anemia 


After transfusions 
After nitrogen mustard 

(during 1 year) 
Acquired hemolytic anemia 

After splenectomy 
Acquired hemolytic anemia 


After splenectomy 
After splenectomy, 1 month 
After splenectomy, 3 months 
After splenectomy, 4 months 
After splenectomy, 8 months 
During ACTH therapy 
Acquired hemolytic anemia 
After splenectomy 
After splenectomy, 1 month 
Acquired hemolytic anemia 


Acquired hemolytic anemia 0 (Coombs’ 
with pregnancy (subsiding) test +) 
Acquired hemolytic anemia 0 (Coombs’ 
(Chronic. Crisis subsiding) test +) 


Acquired hemolytic anemia 
Giant follicular lymphoma 


& 


DAMESHEK 


,BUMIN 


ANTIBODY 


1:16 


1:250 
d hemo 


lysins 


lso pres 
nt 
1:64 


1:128 


U 


00,000, 


eold: l 


764, 


During ACTH therapy warm 
Acquired hemolytic anemia 1:32 
Lymphosarcoma 

During ACTH therapy 

Acquired hemolytic anemia 0 


Chronic di Guglielmo’s syn- 
drome 

Acquired hemolytic anemia _ 
On cold days 


On warm days 


Hemolytic disease, cause 


known without anemia 


ul- 


Acute disseminated lupus 
erythematosis 


1:8000 cold 





RED-CELL 
MORPHOLOGY 
Moderate sphero- 

cytosis 
Slight sphero 
eytosis 


No spherocytosis 

Marked sphero- 
cytosis; 5% 

erythroblasts 


Moderate sphero- 
cytosis 


Macrocytosis 


Marked sphero- 


eytosis 


Poikilocytosis 


Slight sphero- 
cytosis 
Essentially nor- 
mal 

Essentially nor- 
mal 

Moderate sphero- 
cytosis 


‘Slight sphero- 
cytosis 


Erythroblasts 


Minimal sphero- 
cytosis 


Erythroblasts 
50% R.B.C. with 
Heinz bodies 

Normal 


PLASMA | 
HGB. 
MG. 

100 c.c. 

24 
3 
99 


~— 


bo 


17-19 


10 
2-4 
14 
16 


15-40 


3 
9 
32-41 


VARIOUS KINDS OF 


URI 
NARY 
HEMO- 
SIDERIN 
++ 

0 
ee 


0 


0 


44 
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TABLE II.—ConrT’p 


PLASMA URI- 


SEX HGB. NARY 
AND ALBUMIN RED-CELL MG. HEMO 
CASE | AGE DIAGNOSIS ANTIBODY MORPHOLOGY 100 ©.C.|SIDERIN 
18 M18 Severe Mediterranean anemia 0 Target cells; 12-60 
After splenectomy erythroblastosis 
19 M13 Severe Mediterranean anemia 0 Target cells; 32 
Before and after splenec erythroblastosis 
tomy 
20 F3 Severe Mediterranean anemia 0 Target cells; 27 
After splenectomy erythroblastosis 
21 M27 Moderately severe Mediterra- 
nean anemia 
Before splenectomy 0 Target cells only 3 0 
After splenectomy 0 Erythroblastosis 25 + 
and target cells 
22 M6 _— Sickle-cell anemia 0 Sickling 16 + 
23 M6 Sickle-cell anemia 0) Sickling 21 + 


in Table II were examined repeatedly over a period of eighteen months. The 
level of the plasma hemoglobin was remarkably constant. Most determinations 
fell between 20 and 25 meg. per 100 ml., although the range was considerably 
wider than this. Patient 18, for instance, on one occasion was found to have a 
plasma hemoglobin level of 60 milligrams. He was profoundly anemie at this 
time. One week later, after transfusions had improved his condition and his 
red cell count, the plasma hemoglobin concentration was 24 mg. per 100 milli- 
liters. 

Of particular interest was the result of splenectomy in patient 21. This 
young man with moderately severe Mediterranean anemia had for many years 
required only an occasional transfusion. Later, transfusions were required 
frequently and the spleen gradually became massively enlarged. Plasma hemo- 
globin was repeatedly determined, and was always below 3 mg. per 100 milli- 
liters. Splenectomy was done. Following the operation, the patient experienced 
a remarkable clinical improvement and required no further transfusions. How- 
ever, the peripheral blood which before splenectomy showed only hypochromie 
target cells now presented the classical erythroblastic picture of severe Mediter- 
ranean anemia. Furthermore, the plasma hemoglobin became and remained 
elevated. This suggested that red cells which had previously been destroyed 
in the spleen without increasing the plasma hemoglobin were now surviving to 
be hemolyzed intravaseularly with consequent hemoglobinemia. 

B. Hemosiderinuria- 

In every case showing hemoglobinemia, hemosiderinuria was always found. 
In general, the amount of iron-staining pigment in the urine varied with the 
‘oneentration of the plasma hemoglobin. Thus, a large amount of hemosiderin 
was usually found in the urine of those patients whose plasma hemoglobin re- 
mained in the vicinity of 50 mg. per 100 milliliters. This was not invariable. 
Oceasionally only a trace of hemosiderin was present. On the other hand, it 
vas noted that with a temporary lowering of the plasma hemoglobin, i.e., during 
varm weather for a patient with cold hemoglobinuria or during the remission 
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post-splenectomy in patient 3 (Table IT), the heavy discharge of hemosiderin 
persisted. In patients whose plasma hemoglobin was usually found to be around 
25 mg. per 100 ml. (sickle-cell and Mediterranean anemia) the hemosiderin was, 
in most cases, less than that found with heavier hemoglobinemia. Young chil- 
dren with this level of plasma hemoglobin usually had only a trace of hemo- 
siderin in their urine. 

We have not found hemosiderin in the urine of patients without hemo- 
globinemia. An exception to this was a man with severe hemochromatosis, whom 
we saw at the British Postgraduate Medical School in London: hemosiderin was 
found in his urine. In three of our own patients with this disease there was 
no hemosiderinuria. Hemosiderin was absent from the urine of patients with 
hemolytic anemia in whom there was no hemoglobinemia (Table IT). 


DISCUSSION 


Slight though definite hemoglobinemia, of an intensity not great enough to 
eause hemoglobinuria, has been demonstrated in several hemolytic diseases. 
Hemosiderinuria was found to be invariably associated with hemoglobinemia. 
The definition of the hemolytic syndrome, as it occurs in acquired hemolytic 
anemia, sickle-cell anemia, and severe Mediterranean anemia, might well be 
amplified to include a low-grade hemoglobinemia and hemosiderinuria as com- 
mon characteristics. 

Diagnostic Significance.—The demonstration of hemoglobinemia in these 
diseases is of some diagnostic value. Hemoglobinemia may distinguish between 
hereditary spherocytosis in which the plasma hemoglobin is normal and aequired 
hemolytic anemia where hemoglobinemia is consistently found. However, the 
distinction may become blurred by the disappearance of hemoglobinemia as the 
patient with acquired hemolytic anemia gets well, and by the possibility that 
hemoglobinemia may occur rarely in the hemolytic crisis of hereditary sphero- 
eytosis.'° In Mediterranean anemia the presence of hemoglobinemia may dis- 
tinguish between the severe and the mild forms of the disease, but the difference 
is readily apparent without such a test. The differential diagnosis between 
sickle-cell anemia and sickle-cell trait is another matter. Here, the clinician 
may be severely taxed to distinguish the disease from the trait. Our experience 
is limited, but it seems likely that a demonstration of hemoglobinemia or hemo- 
siderinuria may provide one means of identifying sickle-cell anemia as opposed 
to sickle-cell trait when confronted with a patient whose blood contains sickle 
cells. 

Considered otherwise than as a point of differential diagnosis, the demon- 
stration of hemoglobinemia is unequivocal evidence of abnormal hemolysis and 
is therefore diagnostic of hemolytic disease. 

Prognostic Significance.—In acquired hemolytic anemia the decrease 0! 
disappearance of hemoglobinemia appears to be one of the earliest signs of im 
provement. On several occasions the change occurred without any substantia 
evidence of clinical improvement. By and large, the variations of the plasma 
hemoglobin level in a given patient reflected the varying severity of the hemo 
lytie process. Taken alone, the plasma hemoglobin was of little significance ir 
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assessing the severity of the hemolytie disease. In Case 3, with a plasma hemo- 
globin of 166 mg. per 100 ml., it was readily apparent that blood was being 
destroyed very rapidly. On the other hand, Case 6 with a plasma hemoglobin 
level of 62 mg. was less ill than Case 5 with 16 milligrams. This latter patient 
had the most severe hemolytic disease of any here recorded. As much as a liter 
of transfused blood per day failed to improve the red cell count. The patient 
died a few weeks after splenectomy. The spleen showed an extreme degree of 
erythrophagocytosis. The plasma hemoglobin in this case remained constant 
throughout the illness at 14 to 16 mg. per 100 milliliters. 

Hemoglobinemia in acquired hemolytic anemia is of limited prognostic 
value. Since it is found during crisis its presence must be regarded as grave, 
but in such patients other evidences of intense hemolysis are readily apparent. 

Pathogenic Significance —Although hemoglobinemia may be of limited 
diagnostic and prognostic value, it serves to shed some light upon the hemolytic 
processes involved in these diseases. It is presumptive evidence that at least 
a small part of the abnormally hemolysed red cells are destroyed within the 
circulating blood, although by far the greatest part is probably destroyed in 
the reticuloendothelial system. 

Since hemoglobinemia was not found in hereditary spherocytosis, it is 
evident that the hemolytic mechanism in this disease differs from that in ac- 
quired hemolytic anemia. Apparently, all of the abnormal hemolysis in un- 
complicated hereditary spherocytosis occurs in the spleen, since cure of the 
anemia by splenectomy is the rule. 

In acquired hemolytic anemia associated with an abnormal antibody 
splenectomy is frequently not successful. After splenectomy, the antibody often 
persists, and so may the hemolytic disease. We are ignorant of the manner in 
which antibodies bring about the destruction of the red cells, but the process 
does not necessarily involve the spleen. The presence of hemoglobinemia after 
splenectomy is a convincing demonstration of this. Intravascular hemolysis is 
probably a generalized phenomenon which occurs in all parts of the body, not 
in the spleen alone. 

On the other hand, the degree of severity of hemolytic disease persisting in 
the splenectomized patient with acquired hemolytic anemia may be entirely out 
of proportion to the relatively minor degree of intravascular blood destruction 
represented by a plasma hemoglobin concentration of 15 to 62 mg. per 100 ml., 
as noted in Cases 3 and 6. This indicates that another type of hemolytic process, 
which is neither splenic nor intravascular, may be involved. This is probably 
linked up with the activity of the erythroeyte-bound antibody. 

The Mechanism of Intravascular Hemolysis——This probably varies from 
me form of hemolytic disease to another. The actual physical shock of cardiac 
systole undoubtedly becomes destructive when the red cells are matted solidly 
together in the capillaries, as they are in the crisis of sickie-cell anemia or in 
the presence of a higher titer of cold agglutinin. In Mediterranean anemia, the 
ed cells are easily fragmented.t Small ‘‘chips’’ are broken off to form schisto- 
cytes. These tiny globules retain hemoglobin within them. It is coneeivable 
that some trace of hemoglobin may be lost at the moment when the fragment 
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breaks from the parent red cells. Some of these cells, instead of fragmenting, 
may be destroved altogether. Increased mechanical fragility of erythrocytes 
can be demonstrated in many cases of acquired hemolytic anemia associated with 
an abnormal antibody. In whatever manner the red cell is broken down in these 
diseases, its hemoglobin is discharged into the surrounding plasma. 

The Fate of Plasma Hemoglobin.—The body normally disposes of the hemo- 
globin of its decomissioned red cells by converting the heme to bilirubin. It is 
generally accepted that this degradation of hemoglobin occurs in the reticulo- 
endothelial system. The red cell is somehow removed from the circulation, its 
hemoglobin is destroyed, and the remnants of the heme depart as an iron-free 
pigment, bilirubinglobin. The iron is then available for storage or re-use, and 
is transported thence by the iron-binding protein of the plasma. This normal 
mechanism of hemolysis may be variously referred to as ‘‘reticuloendothelial”’ 
hemolysis, or ‘‘intercellular’’ or ‘‘extravascular’’ hemolysis. In hemolytic dis- 
ease the site of hemoglobin conversion depends upon the mechanism of hemo- 
lvsis. It may be reticuloendothelial, in a sense an intensification of the normal 
mechanism. It may be splenic, as in the case of hereditary spherocytosis, where 
some special avidity of the spleen for spheroeytes brings about the destruction 
of these small, round, red cells which could otherwise survive. Thirdly, the site 
of abnormal! hemolysis may be intravascular so that red cells lose their hemo- 
globin into the circulating plasma. This plasma hemoglobin is not disposed of 
in the usual manner. 

Finch and his co-workers! have injected solutions of hemoglobin tagged 
with radioactive iron into rats and have found that most of this iron has, within 
a matter of minutes, been deposited in the kidney. On the other hand, tagged 
iron from the hemoglobin of injured red cells was concentrated in the reticulo- 
endothelial tissues.* It has also been shown that injections of hemoglobin solu- 
tions are followed by an elevation of plasma bilirubin.* It thus appears that 
the renal epithelium is capable of degrading hemoglobin to bilirubin. If a 
relatively small amount of hemoglobin is presented, the kidney is able to con- 
tain the iron and dispose of it by the creation of ferritin, the iron-storage 
protein.’* From this protein complex the iron is rapidly released to the plasma. 
However, when a massive amount of hemoglobin is presented to the kidney, 
either in a paroxysm of hemolysis or by a chronic, continuing intravascular 
hemolysis, the capacity of the kidney to relieve itself of iron is overtaxed. The 
iron derived from this hemoglobin is lodged as hemosiderin in the renal epi- 
thelium. Some of it is disposed of as hemosiderin in the urine, but much of it 
is retained as iron-staining pigment in the renal tubular cells. The kidneys in 
eases of chronic hemoglobinemia are conspicuous by their intense siderosis." 
They are often larger than normal, suggesting that some embarrassment of 
function has prompted a compensatory hypertrophy. Renal function tests, 
however, usually remain unimpaired.** The kidney may act as a retieculoendo 


*This work confirms a shrewd surmise’ of Muir and Dunn” made in 1915. As a result 
of their experiments with hemolytic sera, they insisted upon a distinction between intracellular 
and extracellular hemolysis. “Phagocytosis and destruction of red corpuscles is the out 
standing feature in the spleen. ... In the kidneys, on the other hand, there is no evidence 


of phagocytosis, and the iron in the celis of the convoluted tubules is manifestly derive: 
from free hemoglobin in the circulating blood.” 
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thelial organ in the degradation of hemoglobin, but unlike these organs it seems 
relatively unable to restore to the circulation the iron which it derives from this 
activity. On the other hand the spleen, as in hereditary spherocytosis, is usually 
free of hemosiderin. 

Destruction of the pigment by the kidney is not the only channel whereby 
the blood may rid itself of extracorpuscular hemoglobin. A second means is 
hemoglobinuria which occurs when the plasma hemoglobin concentration ex- 
ceeds the renal threshold. A third is the formation of methemalbumin.’ This 
brown pigment is derived by the combination of plasma albumin with heme 
groups in which the iron has been oxidized to the ferric state. This pigment is 
slowly excreted as urobilinogen. 

The Relation of Hemosiderinuria to Hemoglobinemia.—Because of the 
manner in which free hemoglobin is disposed of by the kidney, it would appear 
inevitable that hemoglobinemia should be accompanied by hemosiderinuria. 
This in our experience has proved to be the ease. 

The amounts of hemosiderin in the urine were roughly proportionate to 
the severity of the hemoglobinemia. Only microscopic amounts were usually 
found in the urine of patients with plasma hemoglobin values of less than 20 
milligrams. When the value was above 40 mg. there was usually a fair-sized 
button of Prussian blue in the tip of the centrifuge tube. There were exceptions 
to this, of course. Patients who had a high plasma hemoglobin for long periods 
of time continued to excrete hemosiderin when the hemoglobinemia was tem- 
porarily relieved. This -was especially apparent in one patient (Case 14, 
Table II) with a high titer of cold hemagglutinin. On one oceasion, a warm 
day in winter, she came to the laboratory from her home and was found to have 
a plasma hemoglobin of 3 mg. per 100 milliliters, but there was a rather con- 
siderable deposit of hemosiderin in her urine. On other occasions on cold days 
she had both hemoglobinemia (15 to 40 mg.) and hemosiderinuria. In children 
the amount of hemosiderin in the urine was usually less than was found in that 
of adults with a similar level of plasma hemoglobin. This suggested that the 
child’s kidney was better equipped to restore the iron to the plasma or that, 
because of the small plasma volume, there was actually less hemoglobin to be 
cleared from the circulation. 

The specificity of hemosiderinuria as an indicator of hemoglobinemia is 
open to some question. There are reports of hemosiderin in the urine of patients 
with hemochromatosis,?” 2° and we have seen it in one patient with this disease ; 
in three others no hemosiderin was found on repeated examinations of the 
irine. Rous®® reported the finding of slight and inconstant hemosiderinuria 
n the urine of one patient with congestive heart failure and of another with 
erminal nephritis. 

Rous also found hemosiderinuria with fair consistency in the urine of pa 
ients With pernicious anemia. In all but one of these patients, repeated trans- 

usions had been given. This factor admits some doubt as to the nature of the 
emolysis and of the souree of the hemosiderin, whether derived from the 
onor’s or the patient’s hemoglobin. None of our patients with pernicious 
nemia had been transfused, and none had hemosiderinuria. On the other hand, 
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none of our patients was severely anemic. This is probably of some significance. 
Before the days of liver therapy, indeed, before the use of transfusions, an in- 
tense renal siderosis was a well-established pathologie feature of the postmortem 
studies of pernicious anemia.'® Such pristine cases of intense severity are rarely 
encountered nowadays, and few have been studied. Knowledge of the patho- 
genesis of this anemia has not kept pace with knowledge of its etiology. The 


hemolytic mechanisms of pernicious anemia are much in need of investigation. 


SUMMARY 


1. Hemoglobinemia of an intensity not great enough to cause hemoglobin- 
uria has been demonstrated in several hemolytie diseases. It is suggested that 
the definition of the hemolytie syndrome, as it occurs in acquired hemolytic 
anemia, sickle-cell anemia, and severe Mediterranean anemia, should be ampli- 
fied to include a low-grade hemoglobinemia as one of its characteristies. Hemo- 
siderinuria was invariably found when hemoglobinemia was present. 

2. Diagnostically the demonstration of hemoglobinemia provides unequivo- 
eal evidence of abnormal hemolysis and therefore of hemolytic disease. As a 
point of differential diagnosis, hemoglobinemia may distinguish between sickle- 
cell trait and sickle-cell anemia, between mild and severe Mediterranean anemia 
and, with some reservations, between acquired hemolytic anemia and hereditary 
spherocytosis. 

3. In acquired hemolytic anemia the continued presence of hemoglobinemia 
must be regarded as an unfavorable prognostic sign for it is usually associated 
with a severe hemolytic process. However, it was noted that hemoglobinemia 
was the first sign to diminish or disappear as patients improved. 

4. It is pointed out that in many of the hemolytic diseases, multiple 
mechanisms of abnormal hemolysis may be present. 

5. The eatabolism of plasma hemoglobin is discussed, together with the 


significanee of hemosiderinuria. 
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PARAHEMOPHILIA (OWREN’S DISEASE) 
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Boston, MAss. 


Oo“ REN,’ in his classical monograph on blood coagulation, presented detailed 
studies of a hemorrhagic diathesis in a young woman due to deficiency of a 
newly discovered coagulation-promoting globulin, ** Factor V.’’ He defined the 
role of this protein in accelerating the conversion of prothrombin to thrombin, 
and suggested the term parahemophilia for his patient's syndrome. A number 
of other investigators, especially Quick, Alexander, and Seegers, have inde- 
pendently studied the chemical and physiological properties of plasma and serum 
constituents similar, and for the most part, probably identical to Factor V (or 
its active form, Factor VI). At the present time opinion is divided as to nomen- 
clature and identity of these factors, but all who are now engaged in researeh 
on this phase of blood coagulation agree that the rate of conversion of prothrom- 
bin to thrombin is accelerated by certain globulins, in addition to caleium and 
thromboplastin. 

Recently, Frank, Bilhan, and Ekren* published data on a second ease of 
parahemophilia; this occurred in a young man whose father and brother had a 
history of bleeding tendency. The present report is concerned with the third 
recorded instance of this disorder and the first established case in this country, 
although some of the cases of hypoprothrombinemia reported prior to Owren’s 


publications are probably parahemophiliaes. 


MATERIALS AND METHODS 


CASE History.—The patient, a 20-year-old woman of Armenian extraction, was admitted 
to the Mount Auburn Hospital in May, 1950, because of severe abdominal pain. A diagnosis 
of acute cholecystitis was made. 

Her past history was important in that she had severe hemorrhage necessitating trans 
fusions after tonsillectomy at the age of 8 years and rhinoplasty at 17 years of age. Trans 
fusions were also required six months prior to the present admission because of marked 
postpartum blood loss which occurred despite an apparently uneventful labor and normal 
delivery. In all these episodes the bleeding was promptly controlled by the administration of 
fresh blood. There was no history of excessive blood loss from minor lacerations or during 


menses. Spontaneous development of ecchymoses had not been noted. 
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Other members of her family had no history of bleeding tendency. 

Physical examination revealed nothing of note but for slight obesity and moderate right 
upper quadrant tenderness. There was no clinical or laboratory evidence of parenchymatous 
liver disease. 

On the basis of the history and the finding of a prolonged prothrombin time (one-stage 
method) a decision to avoid surgery was made. The following studies were carried out 
after all of the patient’s signs and symptoms had subsided. 

Determinations were made of: glass and silicone tube coagulation time,*, 4 one-stage 
prothrombin time on 100 per cent plasma,> 2nd on 10 per cent plasma using prothrombin 
free (tricalcium phosphate) plasma as the diluent, prothrombin consumption® in silicone tube 
serum twenty-four hours after coagulation, Factor V,! quantitative fibrinogen in terms of 
thrombin clottable protein, fibrinogen reactivity as coagulability of oxalated plasma by 
standard thrombin? with correction for antithrombie activity,’ and fibrinolytic activity.® 

RESULTS 

Data obtained from the initial studies are shown in Table I. It is apparent 
that the patient had a coagulation defect manifested in the silicone tube 
coagulation time, and associated with a pronounced decrease in prothrombin 
consumption. That this was due to a lack of Factor V was suggested by the 
prolonged prothrombin time when 100 per cent plasma was employed and the 
normal value with 10 per cent plasma, a phenomenon explained by the addition 
of an adequate amount of Factor V in the prothrombin free plasma used as 
the diluent in the 10 per cent determination. Furthermore, Factor V activity 
was found to be negligible in the patient’s plasma. 

Additional evidence for the presence of a Factor V deficiency is shown in 
Table II. Purified Factor V (accelerator globulin of Seegers* 
silicone tubes to native plasma from the patient, a dicumarolized subject, and 


was added in 


a normal control. The blood from the patient and the control became hyper- 
coagulable, whereas that from the dicumarolized subject remained hypocoag- 
ulable. Table III illustrates the improved prothrombin consumption which could 
be induced in all three specimens by the addition of Factor V. This result also 
serves to substantiate the fact that prothrombin deficiency was not responsible 
for the patient’s syndrome. 

Studies similar to those in Table I were performed on her father, mother, 
brother, and sister. No significant deficiencies in prothrombin conversion or 
alterations of other clotting factors were noted. The abnormalities in the pa- 
tient’s coagulation mechanism which have been presented were corroborated 
repeatedly over a period of several months. 


DISCUSSION 


The data presented indicate that this woman's hemorrhagic diathesis was 
due to an isolated deficiency of Factor V, and conforms to the diagnostic criteria 
of the clinical entity of parahemophilia described by Owren. Studies on her 
immediate family failed to establish a genetic pattern for the occurrence of this 
disorder. It is curious that there was no accentuation of bleeding from minor 





_, *We are indebted to Dr. Walter Seegers, Wayne University School of Medicine, Detroit, 
Mich., for this preparation. 
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TABLE | 

DETERMINATIONS PATIENT CONTROL 
Glass tube clotting time 14 min. 13 min, 
Silicone tube clotting time 10 hours 60 min. 
Recalcified plasma clotting time 150 see. 145 see, 
Prothrombin time (undiluted plasma 23 see. 15 see, 
Prothrombin time (10 per cent plasma 27 see. 50 sec. 
Prothrombin consumption + per cent 40 per cent 
Factor V time 150 see, 50 see. 
Fibrinogen 380 mg. per cent 320 mg. per cent 
Fibrinogen reactivity time 18 sec. 18 see. 
Antithrombin activity time 57 see. 50 see. 
Fibrinolysis neg. neg, 
Platelet count (direct method 250,000 280,000 
Bleeding time (Duke) 2.5 min, 2 min. 
Capillary fragility (Frugoni) neg. neg, 


Initial studies revealing a coagulation defect, prolonged prothrombin time by the one 
stage method on undiluted plasma, decreased prothrombin conversion, and marked decrease In 
Factor V activity 


TABLE II. THE EFFECT OF Factor V (ACCELERATOR GLOBULIN OF SEEGERS) ON SILICONE TUBE 
COAGULATION TIM} 


SUBJECT 
SPECIMEN PATIENT DICUMAROLIZED NORMAL 
Native plasma 1SO min. over four hours 50 min. 
Native plasma plus 0.1 ml. of 0.85 per cent 180 min. over four hours 50 min. 
saline 
Native plasma plus 0.125 mg. per cent 16 min. over four hours 15 min. 
Factor V* 
Native plasma plus 0.250 mg. per cent 13 min. over four hours 12 min, 
Factor V* 
Native plasma plus 0.500 mg. per cent 10 min. over four hours 8 min. 
Factor V* 
*Factor V was dissolved in 0.85 per cent saline 
This table presents data indicating the ability of purified Factor V to restore coagu- 


lability to the patient’s plasma but not to hypoprothrombinemic plasma. 


TABLE III. THE EFFECT oF Factor V (ACCELERATOR GLOBULIN OF SEEGERS) ON PROTHROMBIN 
UTILIZATION 


SUBJECT 


SPECIMEN PATIENT DICUMAROLIZED — | NORMAL 
Serum 26 sec. 186 sec. o2 sec. 
Serum plus saline 26 see. 192 sec. 32 sec. 
Serum plus 0.125 mg. per cent Factor V 34 see. 222 sec. 44 sec. 
Serum plus 0.250 mg. per cent Factor V 14 sec. 308 sec. 62 sec. 
Serum plus 0.500 mg. per cent Factor V 55 see. 672 sec. 71 sec. 


Determinations were performed on silicone tube sera twenty-four hours after clot forma- 
tion. The tests were performed on 10 per cent sera using normal prothrombin free plasma 
as a diluent. 

This table presents the data on prothrombin consumption determinations made on the 
specimens illustrated in Table II. The ability of purified Factor V to decrease the amount 
of residual prothrombin in clotted specimens and thus to produce a prolongation of time in the 
prothrombin consumption determinations is shown 


trauma or at menses, although she experienced serious blood loss following sur 
gery and parturition. This can probably be attributed to the adequacy of vas- 
cular hemostatic mechanisms in checking blood flow when the injury is not 
extensive and does not involve larger blood vessels. Tissue thromboplastin 
probably also serves as a compensatory factor. 
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SUMMARY 


The third recorded case of parahemophilia has been presented. The follow- 
ing characteristics were noted: a prolonged silicone tube coagulation time, a 
prolonged one-stage prothrombin time on undiluted plasma corrected by the 
addition of normal prothrombin-free plasma, normal prothrombin content, de- 
ficient prothrombin conversion, and deficiency of Factor V. Sereening of the 
patient’s immediate family failed to reveal any coagulation disorders. The 
actor V deficiency in this patient produced a mild hemorrhagic tendeney which 
was readily controlled by transfusions of fresh blood. 
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CKLLULAR COMPOSITION OF THE PERITONEAL FLUID IN 
DBA MICE AFTER INTRAPERITONEAL INJECTION OF 
NORMAL OR MALIGNANT HUMAN CELLS* 

(FEORGE W. Hinniarp, M.D... ANp Homer E. Nasu, Jr... M.D. 
NASHVILLE, TENN, 


igen Mil formula of the peritoneal fluid in experimental animals may 
change in various Ways after intraperitoneal injection of different material 
see review of the literature by Cunningham’). The trend of these changes 
depends in each experiment on the nature of injected material: for instance, 
solutions of proteins or suspensions of killed bacteria induce marked predomi- 
nance of polymorphonuclears, mineral oil induces abundance of monocytes, ete. 
Our preliminary experiments have shown that intraperitoneal injection of nor- 
mal human cells into mice is followed immediately by lymphocytosis, and within 
a few days by monoeytosis of the peritoneal fluid. We have considered the pos- 
sibility that the cellular reaction may follow a different pattern if malignant 
cells are used for injection instead of normal cells. Our experiments reported 


helow provide some information on the subject 


MATERIAL AND METHODS 


Mice of dba strain, of 20 Gm. weight, mostly males, were used in these experiments. 


In a few cases the material was injected also in CFW mice for the purpose of comparison. 


Specimens of human tissue used for injections belonged to three types and for each type 
they were taken from various sources: (1) normal tissue—from the liver, the spleen, the 
kidney, and the heart: 2) embryonic tissue—from various parts of the human fetus four 
months old: (3) malignant tissue—from cases of uterine myoma, carcinoma of the cervix, 


‘varcinoma metastases in a node, carcinoma of the lung. <A pea size fragment of each specimen 
was ground and suspended in 0.85 per cent sodium chloride solution so that the material 
used from injection consisted of cell and cell clumps. Doses of 0.5 ml. of each suspension 
were injected in the peritoneal cavity of a group of mice. Specimens of normal and malig 
nant tissue were obtained under sterile precautions and without addition of preservatives 
from the patients operated on at the surgical clinic. Specimens of peritoneal fluid were 
taken repeatedly from the same mouse after intervals of two to three days (first puncture 

four to five days (second puncture), six to seven days (third puncture), and in a few cases 
after ten to fourteen days. The peritoneal fluid was withdrawn by exploratory puncture 
of the abdomen with glass capillary pipettes. Preliminary experiments have demonstrate: 
that the cellular composition of the peritoneal fluid does not vary significantly in samples 
withdrawn from different pockets of the peritoneal cavity in the same mouse. Smears fro! 

specimen of peritoneal fluid were stained with Wright’s stain and examined (1) by differ 


ential counts of leucocytes, and (2) for presence of tumor cells. 
RESULTS 
The data obtained by differential counts of leucocytes in the peritoneal flui 
of normal dba mice are presented in Table I. 
From Meharry Medical College. 
Received for publication, March 12, 1951. 


*This investigation was supported by the cancer training grant from the National Car 
Institute of the National Institutes of Health, U. S. Public Health Service. 
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TABLE I. TOTAL AND PERCENTAGE CELLULAR COMPOSITION OF PERITONEAL FLUID IN 
NORMAL DBA MICE 


TOTAI 

MOUSE NUMBER POLYMORPHS LYMPHOCYTES MONOCYTES MAST CELLS 

NO, PER CU.MM. PER CENT (PER CENT PER CENT ) (PER CENT 
] 64,000 0.3 76.0 21.6 2.0 
4 90 000 1. 68.0 PRO ? 6 
3 17,000 1.0 80.0 17.6 0.6 
j 107,000 1.3 75.3 21.6 1.6 
iS 66,000 0 ee $3.3 ia 
6 72,000 ie 16,0 51.6 1.0 
4 $1,000 3.6 10.0 54.3 2.0 
S 50,000 1.3 $5.0 51.6 2.0 
Q 152,000 1.0 50.6 173 1.0 
10 37,000 L2 38.2 58.5 2.0 


It is obvious that the percentage of polymorphonuelears and that of mast 
cells remained constantly at a low level, and the balance between lymphocytes 
and monoeytes remained fairly constant in six mice. However, in four mice 
this balance was upset in favor of lymphocytes. 

These data on normal mice were helpful for interpretation of experimental 
results. The results of repeated peritoneal counts on mice injected with normal, 
embryonic, and malignant cells are shown in the Tables IT, II], and IV. 

Two days after injection of carcinoma cells from the lung, the peritoneal 
fluid of the mouse contained, besides the leucoeytes, a considerable number of 


TABLE II. PERCENTAGE OF DIFFERENT TYPES OF LEUCOCYTES IN THE PERITONEAL FLUID AT 
VARIOUS INTERVALS AFTER INTRAPERITONEAL INJECTION OF NORMAI 
HUMAN CELLS (40 MICE) 


INTERVAL 


AFTER TYPES OF CELLS 
IN JECTION POLYMORPHS LYMPHOCYTES MONOCYTES MAST CELLS 
2 days 0.5 to 13.5 10 to 72.5 23 «to 36.5 Sos 

t days 0.070 to 9.75 28 to 69.5 28.0 to 62.25 os 

6 days 0.5 to @5 13 to 58.0 29.5 to 85.5 sre 


TABLE III. PERCENTAGE OF DIFFERENT TYPES OF LEUCOCYTES IN MICE INJECTED WITH 
EMBRYONIC HUMAN CELLS (20 MICE) 


INTERVAL 


AFTER r'YPES OF CELLS 

INJECTION POLYMORPHS | LYMPHOCYTES MONOCYTES MAST CELLS 
2 days Lp to 5 10.0 to 15.0 68 to 85 ae, 
7 davs 1.0 to 10.0 39 to 45 15 +637 a 

10 days 1.0 to 10 67.0 to 75 25.0: to 33 eae 

14 days 0.0 71 to 83 14 to 17 ee 


TABLE LV. PERCENTAGE CELLULAR COMPOSITION OF THE PERITONEAL FLUID IN MICE aT 
VARIOUS INTERVALS AFTER INTRAPERITONEAL INJECTION OF MALIGNANT 
HUMAN CELLS (100 MICE) 


INTERVAL AFTER TYPES OF CELLS 
INJECTION POLYMORPHS LYMPHOCYTES MONOCYTES MAST CELLS 
2 or 3 days 0.0 to 2.0 13.0 to 47.0 52.0 to 86.0 ess 
tf to 5 days 1.0 to 5.0 25.0 to 60.0 37.0 to 70.0 2 


6 days 2.0 to 4.0 56.0 to 64.0 43.0 to 62.0 
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large cells with ill-defined cevtoplasm without inclusions and with well-outlined 
large nuclei showing in some cases several nucleoli and in others mitotic figures. 
They were identified as carcinoma cells; they became scarce on the fourth day, 
and disappeared about the sixth day. Cells from other specimens of human 


tumor became necrotic, and disintegrated within forty-eight hours. 
DISCUSSION 


Changes in the leucoceytic formula of the peritoneal fluid induced by a 
foreign material are an expression of the immunologic response of the peritoneal! 
cavity. The specificity of this response does not depend on production of a 
new substance, as in the case of antibody response, but on the peculiar pattern 
ot combination ot blood leucocytes and tissue macrophages (monocytes ). This 
pattern appears by comparing the leucoeyvtie formula in a group of intraperi- 
toneally treated animals at various intervals after treatment with the formula 
in untreated (new) animals and with those treated with a different material. 
The pattern of leucocytie reaction elicited by malignant cells can be considered 
statistically significant only if there is no overlapping in the results by the 
pattern obtained with normal human cells. It is obvious that this requirement 
is satisfied by our results recorded two or three days after intraperitoneal 
injection of tested material. 

Thus, the data of Table Il shows that two days after injection of normal 


] 
| 


human tissue cells, the percentage ot Ivmphocytes Was considerably above the 
level of monocytes without exception in all mice. After four days the monocytes 
reached the level of lymphocytes, and after six days they overgrew the lym- 
phoeytes. On the contrary, the injection of embryonic (Table III) or malig- 
nant (Table IV) human tissue suspension induced the prevalence of monocytes 
over lymphocytes in the peritoneal fluid of all mice (without exception) within 
two days. It is true that the results recorded after four or more days showed 
some overlapping, but they are given in Tables II, III, and IV only for in- 
formation and in order to illustrate the importance of ‘‘time faector’’ in reeord- 
ing significant results. This distinct difference in the pattern of cell com- 
position at a certain period after injection suggests that rapidly growing tissue 
embryonic or malignant) contains a factor responsible for early monocytosis 
in the peritoneal fluid. Whatever may be the interpretation, the definite trend 
of malignant tissue to induce early monocytosis in the peritoneal fluid of the 
mouse may be used eventually for clinical laboratory diagnosis. The suspect 
specimen should be ground, suspended in saline solution, and injected intra 
peritoneally into mice; the pattern of the cell composition may give hint as to 
malignant or benignancy of the examined tumor, 

The percentage of polymorphonuclears in the peritoneal fluid was moder 
ately increased after injection of any kind of human material. Mast cells dis 
appeared from the peritoneal fluid immediately after injection. This was 
observed also after injection of the species own tissue into mice. 

The survival of lung carcinoma cells in the peritoneal fluid of the mouse 
may be attributed to their high autonomy as an expression of their malignancy. 
Greene*® reported the growth of humor tumor eells in the anterior chamber of 
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the eye of the guinea pig. It is not impossible that improvement of our tech- 
nique may result in higher percentage of survival, or even multiplication of 
intraperitoneally injected malignant human cells. 

The above data indicated a new line of research of peritoneal cell response 
to normal and malignant tissue. This research may have as an outcome a 
biological test of tissue malignancy, but it requires a large series of control 
work with rapidly growing tissues (regenerating tissue), and we intend to 
carry it out on our available material. 


SUMMARY AND CONCLUSION 


Specimens of human tissue; embryonic or malignant—were ground, sus 
pended in 0.85 per cent NaCl, and injected intraperitoneally into dba mice. 
Samples of peritoneal fluid were repeatedly withdrawn from each mouse at 
intervals of two or three days, smeared on slides, and stained with Wright’s 
stain for differential leucocyte count. Counts were made also on peritoneal 
fluid of new dba mice. 

It has been found that two days after injection of normal human tissue, 
lymphocytes were predominant in all mice, while monocytes largely outnum- 
hered lymphocytes in mice treated with embryonic and malignant human tissue. 
The immunologic implication and possible clinical application of this phe- 
nomenon are discussed. 

Malignant cells from a case of lung carcinoma survived in the peritoneal 
fluid of the mouse more than four days, while all other specimens became 
rapidly neerotic. The survival of some tumor cells was attributed to their 
relative autonomy, associated with high malignancy. 
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heen and Jeucopenia have been reported as potential 
dangers in the use of certain drugs which are elinieally employed. In 
addition, some of these observations have been made in the experimental labora- 
torv. The disease was first described in 1922.°% and one of the first cases re- 
ported in the American literature was in 1924.27 Sinee that time many eases 
have been reported, and special attention has been given to this problem by 
Kracke and Parker as well as others.'® '* '% ? 

Recently, procaine amide has been introduced for its value in therapy in 
cardiac arrhythmias, particularly ventricular extrasystoles, and ventricular 
arrhythmias. 
employed as loeal anesthetics, as vasodilating agents, in burns, in eardiae 


arrhythmias, in management of sprains and fractures, in serum sickness, in 


allergies, 


of carbon dioxide poisoning, in cerebral thrombosis, and as an anti-rickettsial 


agent.” ° 


The following case report of a patient who received oral procaine amide for a period 
of two months is presented: 
Clinical History.—A. A., a» white man, aged 70 vears, was first seen on Oct. 15, 


‘“smothering spells, shortness of breath, and sensations of his heart turning 


at home for 


over.’’ The patient gave a history of known heart trouble for 


FATAL AGRANULOCYTOSIS RESULTING FROM A PROCAINE 
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DERIVATIVE 
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‘ 18, 19, 20, 21, 22, 24, 


* Proecaine and its derivatives have been therapeutically 
poliomyelitis, in postoperative surgery for pain, in treatment 
» 14, 28, », 40, 46 


CASE REPORT 


1950, 





a period of at least three 


years, during which time he had been maintained on digitalis. Exertional dyspnea, pal 


pitation, occasional mild orthopnea, and episodes of faintness intermittently had bee: 


present during this three-year period. In addition to digitalis, the patient had at one 


time or another taken Natures Remedy, Sal Hepatica, Vitamins, and Theranates. His 


past history revealed chronie constipation, generally poor appetite, infrequent sore throats, 


diminished pressure of urinary stream for the previous six-month period, appendectomy at 


$5 years of a 


ge, pleurisy, and tonsillectomy at 46 vears of age. Patient also volunteered 


4 


that he ‘‘broke out on his hands and legs when he drank orange or tomato juice.’’ The 


patient also complained of mild soreness in his knuckles and hands. 
Physical Examination.—Oct. 20, 1950. Weight, 154 pounds; height, 70 inches; tem 


perature 97.2° 


F. On general appearance the patient was a tall slender man, skin dry 


and wrinkled, old right eye injury with iris adherent to lens, fundus revealed grade two 


retinopathy, mouth was edentulous, tongue and throat were normal, thoracie cage of 


normal excursion, respiration twenty-two, lung examination revealed distant breath sounds 


and fine rales over left base, heart rate seventy-eight, blood pressure 136/80, normal sinus 


rhythm with three to six ventricular extrasystoles per minute, prostate gland diffusely 


From the University of Southern California, Department of Medicine (Cardiology), Los 
Angeles, Calif., and the St. Bernardine’s Hospital, San Bernardino, Calif. 


Received 


for publication, June 7, 1951. 


*Fellow of the National Heart Institute. 
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larged three times normal size (soft), extremities revealed no apparent increase in 
nous pressure nor edema, bilateral varicosities were present on both legs, pedal pulses 
sent, reflexes physiological. 

Clinical Impression.—Arteriosclerotie cardiovascular disease, possible overdigitaliza 


mn, prostatic hyperplasia, and old healed pleurisy. 


Laboratory Data. 


DATE R.B.C. HGB. W.B.C. P L M E 

90/50 4,940,000 15.5 5500 60 35 9 9 Clotting time—7.5 min. 
26/50 3,510,000 12.8 650 97 3 Sedimentation Rate—10 
28/50 5,010,000 16.0 600 Serology—negative 
299/50 $,140,000 14.4 3000 50 19 l] Platelets 20.700 

30/50 550 | 96 

31/50 4,160,000 14.5 600 (0) Platelets—0 

| 76 $320,000 15.8 100 

20/50 Urinalysis: pH, 6.0; color, straw; appearance, clear; specific gravity, 1.008; 


albumin, 0; sugar, 0; W.B.C., rare; R.B.C., 0; epithelial cells, rare. 

26/50 Urinalysis: Color, amber; appearance, clear; reaction, acid; specific gravity, 
1.010; W.B.C., 0; R.B.C., 0; epithelial cells, few; granular casts, 2. 

37/50 Chest roentgenogram: The heart shadow is within normal limits; there was 
a slight generalized increase in lung markings scattered throughout both lungs 
consistent with respiratory infection; there was some honeycombing in the 
base of the left lung suggestive of bronchiectasis; as an incidental finding there 
were hypertrophic changes from the margins of the dorsal vertebrae. 

Proagre ss Notes. 

20/50 Digitalis discontinued, procaine amide 0.250 Gm. four times daily prescribed; 
Carbrital at bedtime for sleep. 

24/50 Heart—normal sinus rhythm; patient improved; felt quite well. 

30/50 Patient felt quite well; heart rate 92 per minute; digitoxin 0.1 mg. per day. 

6/50 Extrasystoles present; digitoxin 0.1 mg. on alternate days. 

13/50 Oceasional extrasystoles; heart rate 96 per minute; patient felt well. 

20/50 Patient developed night sweats, temperature 98.0° F.; chest roentgenogram 


revealed left lower base pneumonia; patient refused hospitalization; diagnosis: 


primary atypical pneumonia. Patient given chloramphenicol 0.5 Gm. every 
six hours for four days. 

24/50 Cough improved; less perspiration; patient, however, did not feel well. Tem 
perature 98.6° F. Patient given penicillin. 


20/50 -atient became more ill, temperature 99.6° F.; rales and dullness present at 
left base posteriorly. 

25/50 Patient entered hospital because of high fever. Physical examination revealed 
flushed acutely ill man; throat diffusely reddened; breath sounds distant; 
scattered rales present in chest; heart rate 90 per minute with frequent extra- 
systoles; heart sounds distant; some left lower quadrant tenderness present; no 
lymphadenopathy; prostate as before. 

27/50 All medications discontinued except penicillin; patient received two blood trans 
fusions and pentnucleotide, streptomycin. 

29/50 Bone Marrow Aspiration: Blasts, 2; reticulum cells, 2; rubriblasts, 1; plasma 

» 


cells, 2; prorubricytes, 1; polychrome, 2; lymphocytes, 86; monocytes, 1; mega 


5 


karyocytes, present; metarubricytes, 3. ‘‘Preparation deficient in nucleated 
elements—total absence of granulocytic elements confirms previous diagnosis 
of agranulocytosis. ’’ 
27/50 Hospital course stormy, temperature varied from 99° F. to 105° F. Pulse 
to rate varied from 100 to 120 with multiple frequent extrasystoles, Pulmonary 
/31/50 signs and symtpoms progressive. 


/ 1/51 Patient expired. 
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Autopsy. Gross external examination revealed a well developed well-nourished Cau 
casian man. Examination of the skull and central nervous system revealed marked athero 


sclerosis of the basilar arteries. No neck lymphadenopathy was present. The heart 


weighed four hundred grams; all valves were competent, there were no thickenings of 


the chordae tendinae or papillary muscles. The coronary arteries showed minimal athero 


sclerosis with widely patent lumina. There was no gross evidence of recent or old myo 
cardial infarction. The aorta was found to be moderately to markedly atherosclerotic. 
soth lungs were markedly edematous and congested with a small amount of yellowish 
liquid material expressable from isolated small areas. There was no gross consolidation. 
The tracheobronchial tree contained a moderate amount of blood-tinged mucus. The 
peribronchial lymph nodes were not enlarged. The organs of the digestive system were 
not remarkable. The liver weighed sixteen hundred fifty grams. The spleen weighed 


two hundred eighty grams and was moderately soft, the cut surfaces were of dark red 


color, the Malpighian bodies were not distinet, and there was no lymphadenopathy. The 
splenic capsule contained isolated irregular areas of thickening. The urinary tract, 


genital system, endocrine system including the thvroid were not remarkable on gross or 


microscopic examination. On microscopic examination there was a small amount of in 


terstitial fibrosis of the myocardium, fibrosis, and round-cell infiltration of the lungs with 


thickened congested alveolar septa. Some alveoli were dilated, while in some areas there 
was atelectasis. Microscopie examination of the spleen revealed capsular thickening, 
hyalinization, and some congestion. There was slight round-cell reaction and _ slight 
reticular hyperplasia of the mediastinal Ivmph nodes. The bone marrow was found to be 
quite cellular, but there was apparent absence of mature granulocytes. 


DISCUSSION 


Metabolic Products of Procaine and Procaine Amide.-Investigations have 
revealed that procaine and procaine amide are metabolized in the body by a 
serum esterase into para-aminobenzoie acid and diethvlaminoethanol.* °  Toxie 
effects due to procaine have been previously reported in the literature; a single 
case of acute intoxication with a leucocyvtosis rather than a leucopenia was re- 
ported.*? Up to the present time, procaine, which is more toxie than procaine 
amide because of its rapid hydrolysis, has been emploved for relatively short 
periods of time and in relatively limited dosage. Total dosage and rate of ad- 
ministration probably bear a direct relationship to metabolism and, in turn, to 
intoxication. The toxie doses of procaine and procaine amide have not been 
established in man. No reports on the granulopenie effect of procaine or procaine 
amide have appeared in the literature to the authors’ knowledge. In a recent 
study of the acute administration of procaine amide to a large series of patients 
intravenously in doses of five hundred milligrams produced no toxie effeets with 
the exception of a transient “light-headed” feeling.** With the wider usage of 
procaine, procaine amide, and para-aminobenzoie acid, it is probable that long- 
term periods of administration will be emploved in the future. A series of 
patients with the administration of large ora] doses of procaine amide for a 
prolonged period of time will soon be reported. 

Clinical Implication of Drugs Chemically and Structurally Related. Earls 
investigators interested in the etiology of agranulocytosis pointed out that the 
benzene ring and the benzamine structure (an NH, group attached to the 
benzene ring) appeared as the probable direct etiologic factor in many of the 


) 


fatal and nonfatal cases of agranulocytosis.’°** *° In this group of compounds 
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the following have been clinically implicated as factors in the development of 
agranulocytosis: acetanilid (lig. 1), acetophenetidin (phenacetin) (Fig. 2) 
aminopyrine (amidopyrine, pyramidon) (Fig. 3), antimonials as  stibamine 
(Fig. 4) and stibosan (Fig. 5), arsenicals as atoxyl (Fig. 6), arsphenamine 
(Fig. 7), and neoarsphenamine (Fig. 8); benzene (Fig. 9), benzamine 

STRUCTURAL RELATIONSHIPS 
OC2HS 
NHCOCH 
3 NHCOCH 3 0=0”  y-cti; 
(CH3)2 N-C S== C-CH 
Acetanilid Acetophenetidin Amidopyrine 
Figure l Figure 2 Figure 3 
NHCOCH 3 NH2 : 
t O - As = ONa 
0 - Sb - ONa a n 
OH OH Of 
Stibosan.Figure Stibamine.Figure 5 — Figure 6 





OH OH 
NHCH20SONa 
HoN 


Bee A 











Arsphenamine Neoarsphenamine 
Figure 7 Figure 8 


(aminobenzene, aniline) (Fig. 10), dinitrophenol (Fig. 11), gold as in 
krysalgan (Fig. 12), sulfonamides (Fig. 13), propylthiouracil (Fig. 14), 
and quinine (Fig. 15), although the latter two are not benzamine struc- 
tures.» 7 8 16, 18, 22, 29, 32, 43,46 The structural relationships of procaine (Fig. 
16), procaine amide (Fig. 17), and para-aminobenzoic acid (Fig. 18) are 


designated. 
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Other Effects oO} Related Products oT 


drugs have been employed as analgesies, antiprotozoan agents, antirheumaties, 


and Breakdown Procaine.—These 


as well as against rickettsial, virus, and bacterial infections. Para-aminobenzoic 
acid, like thiourea and its derivatives, has been found to have an antithyroid 
effect, its mode of action being suggested as a suppression of the formation of 
the thyroid hormone and a repression of the oxidative processes; there is a de 


1 


crease in the basal metabolic rate Para aminobenzoie acid is known 











W2 NH» 
| | | | S-Au 
NO. 
Benzene Aminobenzene Dinitrophenol Krysalgan(CGold) 
Figure 9 Figure 10 Figure ll Figure 12 
CHOH = CH CH 
H—N— C=0 CH40 N-CH 9CH9=CH 
| | 3 ' ’ 
s=c C—f8 CH ———— CH 
| ll = 5 
H - N=—-C —™ CH.CH.CH eae 
oe Ss 
N 
Propylthiouracil 
SO»NH-(R) : 
2 
Figure li Quinine 
Sulfonomides 
Figure 13 Figure 15 
NH, NH? NHo 
COOCH 2CHaN(CoHo)o CONHCH »CHON(CoHe) COOH 
Procaine Procaine Amide Para-aminobenzoic 
Acid 
Figure 16 Figure 17 Figure 18 


to inhibit various enzyme systems; it has also been demonstrated to be a growt! 
factor, to possess vitamin-like properties, and to have an action antagonistic to 
the 


sulfonamides,': *!: 3% 4 


Laboratory studies of para-aminobenzoie acid it 
acute leucemia revealed a transient marked leucocytosis followed by a shar} 
marked decrease in leucocytosis.** Acute toxicity of para-aminobenzoie acid has 


been determined in mice, rats, and dogs, with resultant growth depression 
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gastroenteritis, small intestinal hemorrhages, and aeute liver neerosis.°” #1 No 
acute human studies have appeared in the literature to date to the authors’ 
knowledge. 


Theory as to Mode of Action.—It has been postulated that the sequence 
of events in agranulocytosis include (a) sensitization, (b) granulopoietie shock 
with the bone marrow leucoceytie tissue reacting as the shoek organ, (¢) dis 
appearance of the granuloevtes trom the cireulating blood and tissues with the 
loss of the body's first line of defense against normally present bacteria, (d) the 
development of neerotie areas and localized infections, (e) baeteremia with 
chills and fever, and (f) overwhelming sepsis and death. It is possible that 
these agents cause an alteration in some tissue protein which render this anti- 
venice. The effects of the nitrogen mustards on the hematopoietic system, par- 
ticularly the lymphoid tissue, has been investigated.'’ It has been particularly 
emphasized that in the metabolism and breakdown of these benzamine structures, 
the end products are ortho-quinone and para-quinone; these end produets play 
an important role in the development of clinical agranulocytosis whereas the 
intermediate metabolic products appear to be of little or no signifieance.?? 
Treatment.—The therapy of agranulocytosis has consisted of the discon- 
tinuance of the offending agent if known, nucleie acid derivatives to stimulate 
leucocyte formation by injection of sodium nucleinate or pentnucleotide, blood 
transfusions, folie acid, biotin, pyridoxine, intensive antibiotic therapy with 
penicillin and others when indicated, oral hygiene with saturated potassium 
chlorate solution, and swabbing of uleerated areas with a 2 per cent copper 


» 44 


sulfate solution." Evaluation of therapy is difficult because of the acute 
fulminating illness before beneficial treatment is obtained, because of multiple 
remedies that are employed, because of the rarity and the variety in severity 
of the disease, and because of difficulty in observation of adequately controlled 


series by any one investigator.*? 
CONCLUSIONS 


The course of this patient after the administration of a procaine derivative 
and the laboratory findings support the diagnosis of agranuloeytosis. Para- 
aminobenzoie acid, one of the breakdown products of procaine amide, has been 
previously demonstrated to be a direet cause of leucopenia. It is believed that 
the ineidence of this disease due to the use of procaine heretotore is unreported 
hecause of the relatively limited dosage employed. 

The incidence of agranulocytosis in relation to the widespread use of struc- 
turally similar drugs in general is very low. It has been emphasized that in 
the clinieal as well as in the experimental development of granulopenia, it is 
necessary to presuppose the existence of a previously weakened, damaged, or 
idiosyneratie bone marrow which may be congenital or acquired. 

In conclusion, it is urged that when any of these agents are employed, 
effects upon the hematopoietic system be carefully observed. In studying the 
incidence of agranulocytosis, the relationship of known marrow depression 
agents and agents with the aminobenzene group as part of their structure 


should be noted. 
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SUMMARY 


A case history of fatal agranulocytosis believed due to a procaine derivative, 
procaine amide, is presented. 

Para-aminobenzoie acid, a breakdown product of procaine and procaine 
amide, has been demonstrated to be an etiological factor in leucopenia. 

Aminobenzene derivatives, of which para-aminobenzoie acid is a member, 
have been repeatedly implicated in fatal and nonfatal agranulocytosis. 

It is necessary to presuppose the existence of a previously weakened, dam- 
aged, or idiosyneratic bone marrow which may be congenital or acquired in the 


t : . 
development of agranulocytosis. 
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STUDY OF HEMODYNAMICS IN COARCTATION OF THE AORTA 
USING DYE DILUTION AND DIRECT INTRA-ARTERIAL 
PRESSURE RECORDING METHODS 
KARL EF. Bearp, M.D.,* Eart H. Woop, M.D., Pu.D.,** aAnp 

O. THERON CLAGETT, M.D.’ 


ROCHESTER, MINN. 


HILE several acceptable anatomic descriptions and classifications of 

coarctation of the aorta have been advanced, Fuller and co-workers,' and 
Hallenbeck and co-workers,* have recently emphasized that in most cases the 
stricture is of sufficient degree to cause complete functional if not anatomic 
obstruction of the thoracic aorta. Alterations in hemodynamic relations pro 
duced by such narrowing of the aortic lumen have long been of interest in 
physiologic investigations, and have become more so since the advent of cor 
rective surgery. 

Pressure pulses in radial and femoral arteries have been studied since 
Scheele® (in 1870) first demonstrated differences in tracings of them.* Recent 
investigators’* have found that in patients with coarctation (1) systolie and 
diastolie pressures in the radial artery were elevated, (2) systolic pressure in 
the femoral artery was reduced or within the normal range while diastolic 
pressure was usually elevated, (3) ratios of femoral to radial systolie pres- 
sures and of femoral to radial pulse pressures were below the range of normal, 

4+) the onset of the femoral pulse wave was usually delayed beyond the onset 
of the radial, and (5) the time interval between the onset and attainment of 
the peak in the femoral pulse was abnormally long. After operation there was 
a return toward normal, more striking with resection and end-to-end anastomo 
sis than with subelavian-aortie anastomosis. 

Studies on the cireulation time in coarctation have vielded variable re 
sults, some investigators> ° finding prolonged circulation times to parts below 
the level of the constriction in the presence of normal circulation times above 
it, while others'® have found averages of circulation times to multiple parts o| 
the body decreased in some patients, normal in some, and prolonged in others. 
The cardiae output, measured by the acetylene method, has occasionally been 
above ranges for normal subjects, but not consistently so.* 11° Using direct 
Fick determinations during cardiac catheterization in sixteen patients befor 
and nine patients after operation, Bing and associates!’ found normal cardiac 


indexes preoperatively and postoperatively in all but three, an elevation exist 
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ing both before and after operation in these three. The total plasma volume 
was at the upper limits of normal in the case studied by Blumgart, Lawrence 
and Ernstene.® 

The dye injection method, proposed by Stewart!*?° and modified by 
Hamilton and co-workers’ and by others, wherein an easily detectable sub- 
stanee is injected into a vein and time-concentration curves of the substance 


in arterial blood are analyzed, permits the estimation of certain circulatory 





Fig. 1.—Assembled apparatus for recording simultaneous pressures and dye concentration 
curves at radial and femoral arteries. A, Cuvette oximeter attached to indwelling needle in 
radial artery. 8B, Strain gauge manometer for recording radial arterial pressure. C, Cuvette 


oximeter attached to indwelling needle in femoral artery. D, Strain gauge manometer for 
recording femoral arterial pressure. E, Burette assemblies for measuring rate of flow through 
cuvette oximeters. F, Signal switches for marking each cubic centimeter of flow through 
cuvette oximeters. G, Syringe for regulation of rate of flow through cuvette oximeter (a 
similar syringe is used on the femoral assembly). H, Pressurized wash bottle assembly con- 
taining sterile heparinized isotonic saline solution (20 mg. sodium_ heparin per liter) for 
flushing cuvette oximeters and arterial needles. J, Ear oximeter. J, Tycos handbulb assembly 
for inflating earpiece pressure capsule. K, Dye injection assembly attached to indwelling 
needle in antecubital vein for injection and flushing in of measured amount of dye. L, Closed 
system spirometer assembly for recording pulmonary ventilation and rate of oxygen con- 
sumption. M, Stopcock mouthpiece assembly for connecting airway to spirometer system. 
’, Strain gauge manometer for recording respiratory pressure variations in mouthpiece, 
O, Cylinder of 99.6 per cent oxygen for filling spirometer system. 
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variables. If Evans blue dye (T1824) is used as the injected substance and a 
whole blood cuvette oximeter and strain gauge manometer assembly"? are used 
as the detecting device, it is possible in one observation to obtain estimates ot 
(1) cireulation times and related quantities, (2) the cardiae output, (3) the 
total blood volume, (4) the quantity of actively circulating blood between the 
point of injection and point of sampling, and (5) intra-arterial pressure pulse 
contour data. It is the purpose of this paper to present data concerning these 
variables estimated from dye dilution curves recorded simultaneously from 
blood flowing through (1) the ear, (2) the right radial artery, and (5) the 
right femoral artery in normal subjects, patients with coarctation of the aorta, 


and such patients after surgical repair of the coarctation. 


METHODS 


The assembled apparatus used for the procedure is illustrated in Fig. 1. The equip 
ment for recording dye time-concentration curves consisted of whole blood cuvette oxime 
terlS and strain gauge manometer! assemblies!? attached to internally polished 20-gauge 
arterial needles. Two such assemblies were used, one at the right radial and one at the 
right femoral artery. To each was attached a burette and syringe assembly for regulation 
and measuring rate of blood flow through the cuvette. An ear oximeter!’ on the pinna of 
the left ear also recorded dye curves; only circulation times were measured from these 
eurves, since completely satisfactory methods for quantitatively relating ear oximeter 
deflections to blood dye concentration29 have not been developed. Dynamic response tests 
on both strain gauge pressure recording systems?! showed a response within + 10 per cent 
of the static sensitivity to sine wave pressure variations over a frequency range of 0 to 
20 eycles per second, a response which, according to recent direct evidence,22 is adequate 
for faithful recording of pulse contours in peripheral arteries. The oscillographic recording 
apparatus used has been previously described.23 

The needles were inserted into radial and femoral arteries under local procaine anal 
gesia, and simultaneous pressure pulse tracings were made while the subject breathed room 
air. While the subject breathed 99.6 per cent oxygen (to insure complete and constant 
arterial oxygen saturation) 20 to 40 mg. of T1824 were injected almost instantaneously into 
an arm vein, and simultaneous time-concentration curves of the dye were recorded, by the 
method of Nicholson and his associates,24,25 in blood flowing through the cuvettes at a 
eonstant rate from radial and femoral arteries. After each determination, strain gauges 
were calibrated by application of known increments of pressure with a mercury manometer, 
and cuvette oximeters were calibrated with known standard dilutions of dye in blood drawn 
from the radial artery just before the injection of dye, when arterial oxygen saturation 
was known to be complete. 

Measurements of circulation times and other time intervals within each dye curve 
were made directly on the photographic records. The method of measurements is illustrated 
in Fig. 2. The appearance time (A.T.) was defined as the interval from onset of injection 
to the arrival of the first detectable dye at the sampling point, and the peak time (P.T. 
as the interval from beginning of injection to the attainment of maximal concentration of 
dye at the sampling point on its first circulation. The interval from the initial appearance 
of the dye to the disappearance of that dye passing the sampling point on its first cireula 
tion has been called the clearance time (CI.T.). In practice, this point of disappearance 
was determined by extrapolation of the disappearance slope to zero (linearly, on the photo 
graphic record), since recirculation always began before the concentration fell to zero. The 
interval between the peak concentration of dye on its first circulation and peak concen 
tration of recirculating dye has been called the recirculation time (R.T.). In measure 
ment of appearance and peak times from curves recorded by cuvette oximeter, it was neces 
sary to exclude that interval of time needed for the dye to pass from the artery throug! 


the sampling tube to the device itself (Fig. 2 
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Calculation of values for cardiac output was done by the method of Hamilton and 
associates26, 27 from the dye curves recorded simultaneously at radial and femoral arteries 
and replotted semilogarithmically for extrapolation of the disappearance slope. 

Estimates of total circulating blood volume were made according to the technique 
of Nicholson and Wood.24 The amount of dye injected (in milligrams) was divided by the 
concentration (in milligrams per liter) in arterial blood five minutes after the injection, as 
measured by cuvette oximeter. Simultaneous determinations were made using radial and 
femoral arterial blood. 

From the dye curves recorded at radial and femoral arteries, attempts were made to 
estimate the quantity of actively circulating blood between the point of injection and 
parts of the systemic arterial tree to which circulation time was identical with that to the 
sampling point. Such calculations of ‘‘Q’’26, 25,29 were made by multiplying the cardiac 
output (in liters per second) by the ‘‘ peak time’’ (in seconds) on the assumption that this 


circulation time differs little from a true mean circulation time.30 


MEASUREMENT OF CIRCULATION TIMES FROM RECORDING 
OF DYE CONCENTRATION IN ARTERIAL BLOOD 
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Fig. 2.—Method of measurement of circulation times and related time intervals from 
continuous recording of the concentration of the Evans blue dye (T1824) in arterial blood 
after intravenous injection. The illustrated curve is a tracing of the cuvette oximeter record- 
ing from arterial blood flowing out of the femoral artery of a normal subject; the complete 
photographic recordings are shown in Fig. 3. Measurements of appearance and peak times 
from cuvette oximeter curves must be corrected for the time required for the blood to flow 
from the artery through the needle and connecting tubing to the detecting portion of the 
cuvette. This correction in seconds was calculated by multiplying the rate of flow through the 
cuvette (seconds per cubic centimeter) by the volume of the needle and connecting tubing 
C.8 Ge. >. Ear oximeter curves do not require correction. 


RESULTS 

Five normal persons (laboratory personnel without cardiovascular abnor- 
mality) and fourteen patients with coarctation of the aorta consented to be the 
subjects of these observations. Six of the patients were studied again ten to fif- 
teen days after resection of the coarctation and end-to-end anastomosis of the 
aorta. At operation, a significant degree of uncomplicated coarctation was 
found in all fourteen patients (average diameter of lumen 4 mm.; range 1 to 15 
mm.). The interval between preoperative and postoperative study varied from 
fourteen to fiftv-six days. Data regarding the physiologic status of subjects 
during the dye injection procedure are given in Table I. 
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1. Qualitative Contour of Dye Injection Curves.—The contours of dye con- 
centration curves from the ear, radial artery and femoral artery, as continu- 
ously recorded on the photographie record, were closely similar to each other 
in normal subjects, preoperative patients, and postoperative patients. All 
were of the general configuration seen in normal subjects, and gross deformity, 
such as occurs in intracardiac shunt,*®? was not seen, although there was a 
tendency for the curves from all three sources in preoperative patients to he 


somewhat steep in general contour, and for this steepness to diminish post 
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NORMAL SUBJECT 





EAR OXIMETER aon REIN soot ae = Cg 
RADIAL CUVETTE (ss)}—— — — 
FEMORAL CUVETTE (ss)}—--0 b Aaa | 
Dye | 
mg/L. £2 pA. | 10 | 
40 


EAR OXIMETER ( Ve 


| 


— ~ nm fF A PPAR eA PARA A aA ’ 
RESPIRATIONS PALPILL LGPL IS LASS LS SL ILA SE LIS LIOR 
= | 


HEART RATE sa } 
100 ee _™ — eo | 
Beats/ min. a Reitioge aoe tae 6 Bein ee on 


| 





























R-~——--— Te - 


FEMORAL CUVETTE (dskR}——— 
RADIAL CUVETTE (ds)<GR on a An ast 


4 
T 624 Flow Stopped 
40 mg. 1.V. In Cuvettes 
ECS. : 


ADIAL~,_, 
SIGNALS ae a Ee ee ee vate? & 
Femoral Flow Throuah Cuvettes In id adh foe 




















Fig. 3.—Simultaneous recordings in a normal subject of time-concentration curves of 


Kvans blue dye (T1824) in blood flowing through the heat-flushed ear, radial artery and 
femoral artery after 40 mg. of the dye had been injected intravenously. Simultaneous single 
and double scale operation of the oximeters was used. Single scale galvanometer traces are 
indicated by ss and double scale galvanometer traces by ds R and IR designate the gal 
vanometer traces from the individual red and infra-red photocells, respectively, that is, double 
seale operation. An upward deflection of the respiratory tracing occurs with expiration 
Note that the dye increases the absorption of red light by the blood and has very little 
effect on near infra-red absorption. Measurements of dye concentration were made from the 


single scale galvanometer deflections 

operatively. Examples of curves from a normal subject are seen in Fig. 5, 
while those recorded preoperatively and postoperatively in a patient who had 
coarctation are illustrated in Fig. 4. 

2. Circulation Times.—Average values for circulation times in the five 
normal subjects and fourteen preoperative coarctation patients are given in 
Table II. All time intervals in curves recorded at the ear and radial artery 
tended to be slightly but consistently less in the preoperative patients than in 


the normal subjects. However, the differences between the mean values were 
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not demonstrated to be statistically significant. The circulation times recorded 
at the femoral artery of preoperative patients did not differ significantly from 
those recorded in the normal group. 

There were no significant differences in normal subjects and preoperative 
patients between circulation times recorded at the ear and those recorded at 
the radial artery, but in normal subjects the dye made its appearance at the 
femoral artery an average of 2.7 seconds before it appeared at the radial 


artery, and reached its peak concentration an average of 3.5 seconds sooner. 


SIMULTANEOUS DYE INJECTION CURVES 
(EAR, RADIAL ARTERY, AND FEMORAL ARTERY) 
COARCTATION OF THE AORTA 
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Fig. 4.—-Simultaneous recordings in a patient with coarctation of the aorta of time-con- 
centration curves of Evans blue dye (T1824) in blood flowing through the heat-flushed ear, 
radial artery, and femoral artery after intravenous injection. The curves on the left were 
recorded preoperatively and those on the right were recorded twelve days after resection of 
the coarctation and end-to-end anastomosis of the aorta. For further details, see legend of 


Fig. 2. 
These differences were statistically significant (P value of 0.0L or less), but 
there were no significant differences in clearance or recirculation times at the 
radial artery as compared to the femoral. In preoperative patients with 
coarctation of the aorta, however, the dye appeared at the femoral artery an 
average of only 1.3 seconds sooner than at the radial artery (P value of this 
difference less than 0.001), and there were no significant differences in peak, 
clearance or recirculation times as recorded at radial and femoral arteries. 
Values for circulation times recorded before and after operation in six 
patients with coarctation are given in Table ILI]. After operation, there were 
slight inereases in all cireulation times (exeept the recireulation time) in 
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TABLE I, PHYSIOLOGIC STATUS OF SUBJECTS DURING DYE INJECTION PROCEDURI 
(AVERAGES AND RANGES 
VENOUS 
PRESSURI 
METABOLI( HEART RATI ORAI (CM. OF 
AGI RATI BEATS PER TEMPERATURI SALINI 
YEARS PER CENT MINUT! DEGREES F, SOLUTION 
5 normal subjects (5 males 30.6 0) g» 97.8 10.2 
7-38 7 to +15 60- 96 Q7.4-98.4 8-13 
14 coarctation patients preop v9 9 pay 82 YS.7 12.6 
eratively 10 males, 4 fe 11-50 0 to +40 60-102 97.6-99.8 ee leg 
males 
6 coarctation patients postop 23.3 27 93 98] 10.5 
eratively (5 males, 1 femal 16-34 +12 to +02 84-102 97.6-99.6 (6-16 
*Figures in parentheses represent ranges of values ‘ 
TABLE II, AVERAGE CIRCULATION TIMES (1N SECONDS) MEASURED FROM CONCENTRATION 


CURVES RECORDED AT EAR, RADIAL ARTERY, AND FEMOR 


AT 


ARTERY AFTER INTRAVENOUS 


INJECTION OF DyE INTO A LEFT ANTECUBITAL VEIN 
APPEARANCI PEAK CLEARAN( RECIRCULATION 
PIM} riMI riMt riMt 
EK 11.4+0.8* 18.5: + 1.3 18.3 + 1.3 21.0 +2.7 
ais 10-14 16-23 15-21) (16-25 
- , 9 + (9 Q 5 4 7.6 + 5 90 8 + 3.3 
5 normal subjects Radial 12.4 O.: I! “ 1.2 | oe 1.d he 
. 10-15 15-22 13-21 (15-26 
' l 9,7 + 1.0 16.0+ 1.3 16.7 +1.7 0.5 + 2.7 
Femora 8-12 12-19 11-21 (16-25 
E 9.9+0.6 16.3 + 1.0 3.6212 18.5 + 1.0 
7 = 7-16 12-26 10-26 (13-28) 
er > 10.3+9.8 16.6 +1.2 14.9+0.9 18.6 + 1.0 
tients preopera-) Radial e 19) 12 OR 10-22 13-28 
tively i-it 2-2 22 3-2 
[ 9.0 +0.8 16.0 + 1.4 16.7 + 1.4 18.5 + 1.1 
wae 5-17 10-29 11-30 14-28 
*Figures following + signs are standard errors of the mean. 
+Figures in parentheses indicate the ranges of values. 


TABLE III. 


AVERAGE CIRCULATION TIMES 


(IN SECONDS 


RECORDED AT 


THE EAR, RADIAI 


ARTERY AND FEMORAL ARTERY IN SIX PATIENTS BEFORE AND AFTER SURGICAL 


CORRECTION 


Preoperative Radial 


Femoral 
Postoperative Radial 


Femoral 


OF 


APPEARANCI 

TIME 
QS 
8-1] 
10.4 
8-13 
9.6 

7-11) 
12.5 
8-14 
13.3 
&-18 
9.7 
6-15 


COARCTATION ¢ 


PEAK 
riIMI 
16.4 
12-20 
ve 
12-20 
16.8 
12-21 
18.0 
13-23 
POLS 
14-26 
15.7 


11-21 


*Figures in parentheses represent ranges of values. 


9 AORTA 
CLEARAN( 
riMI 
15.6 
10-21 
15.4 
10-18 
17.0 
12-22 
17.0 
10-22 

18.7 
14-22 
16.0 
10-21 


} RECIRCULATION 
TIMI 
17.8 
15-20 


17.8 


curves recorded at the ear, and the same increase was noted in those recorded 


at the radial artery. 


eally significant, some of those for circulation time increases 


While individual values for increases were not statisti 


at the radial 
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artery had P values of less than 0.05. The recirculation times at the ear and 
radial artery showed some average decrease after operation, but this was not 
statistically significant. 

After operation, the circulation times recorded at the femoral artery 
tended to be the same as or slightly faster than preoperatively, no statistically 
significant change being noted. 


CORRELATION OF CARDIAC INDEXES CALCULATED 
FROM SIMULTANEOUS RADIAL AND 
FEMORAL DYE CURVES 
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Fig. 5.—Comparison of values for cardiac index calculated from dye concentration curves 
recorded at the radial artery with those from curves recorded simultaneously at the femoral 
artery in normal subjects, preoperative patients with coarctation of the aorta, and patients 
after surgical repair of the coarctation. The diagonal line is the line of identity. 

3. Cardiac Output—A comparison of the values for cardiae index eal- 
culated from dye curves recorded simultaneously from the radial and femoral 
arteries in normal subjects, preoperative coarctation patients, and postopera- 
tive coarctation patients is illustrated in Fig. 5. The values ealeulated from 
the femoral artery dye curves were not significantly different from those 
obtained from the radial artery curves within any of the three groups, and 
there was no demonstrably significant difference in the average ecardiae in- 
dexes between the groups (Table IV). 

The average cardiac index was decreased after operation in each of the 
six patients studied postoperatively. The average decrease of 0.49 + 0.09 
liter per minute per square meter following surgical repair of the coarctation 
was Statistically significant (Table V). 
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TABLE LV. AVERAGE CARDIAC INDEX (LITERS PER MINUTE PER SQUARE METER) CALCULATED 
FROM SIMULTANEOUS RADIAL AND FEMORAL DYE CURVES 


DIFFERENCE 
FEMORAL MINUS 


RKRADIAI FEMORA! RADIAI 
»)» normal subjects 3.8+0.3 1.0+0.4 0.1 +0.1 
2 .6-4.6 ) + 2.9-5.1 0.2 to +0.4 
14 coarctation patients preopera t.620.2 1.1+0.2 0.03 + 0.2 
tively 3.1-5.6 3.0-5.7 0.9 to +1.1 
6 eoaretation patients postopera 5 ie wt | Jeo 3.4 £04 0.3 £02 
tively 2.9-4.4 2.7-3.2 0.5 to +0.9 


Figures following + signs are standard errors of the means 
Figures in parentheses represent ranges of values 


i. Blood Volume.—There were no significant differences in average values 
for total blood volume in the five normal subjects, fourteen preoperative 
coarctation patients, and six postoperative coarctation patients, as estimated 
from concentrations of dye in the blood samples taken five minutes after in- 
jection. Likewise, there were no significant differences between values ob- 
tained from samples taken from the radial artery and those taken from the 
femoral artery. Average values (in cubic centimeters of blood per kilogram 
of body weight) determined from radial arterial samples were 68 + 4, 75 55 
and 69 + 2 for the normals, preoperative patients, and postoperative patients, 
respectively, while corresponding values from femoral arterial samples were 


78 +6, 77 +4 and 69 + 2 eubie centimeters per kilogram. 


TABLE V. DECREASES IN CARDIAC INDEX (LITERS PER MINUTE PER SQUARE METER 
FOLLOWING SURGICAL REPAIR OF COARCTATION OF THE AORTA 


PREOPERATIVE POSTOPERATIVE POSTOPERATIVE 
PATIENT VALUF VALUE DECREASI 
a] 3.4 3.0 0.4 
S a) be 0.2 
6 wy ; 0.6 
5) 3.9 3.0 0.4 
1] $0 3.9 0.5 
3 Sy" 1.8 0.9 
Average £.03 3.04 0.49 + 9,094 


(P value <0.01 


Values given are average of value from radial and femoral dye curves in each individual 
‘Figure following + sign is standard error of the mean 


5. Estimated Quantity of Blood Between Point of Injection and Point of 
Sampling.—Caleulated values (“Q’) for the volume of actively circulating 
blood between the injection point and sampling points are given in Table VI. 
In the five normal subjects, Q was estimated at 2.3 + 0.2 liter (48 + 4 per cent 
of total blood volume) with the radial artery as the sampling point and 2.0 + 
0.1 liter (385 + 3 per cent of total) with the femoral artery as the sampling point, 
the average difference being 0.4 + 0.1 liter (P value of difference less than 
0.05). In the fourteen preoperative coarctation patients there was no signifi 
cant difference between values for Q calculated from radial artery curves and 
those from femoral artery curves. In this latter group, the average value was 
1.9 + 0.1 liter (41 +2 per cent of total blood volume) from the radial curves and 
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1.8 + 0.1 liter (88 + 2 per cent of total) from the femoral curves. In the six 
postoperative coarctation patients, the average Q was 2.0 + 0.2 liter (45 + 2 
per cent of total blood volume) from the radial curves and 1.7 + 0.2 liter (37 4 
2 per cent of total) from the femoral curves, an average difference of 0.4 + 0.1 
liter which was statistically significant (P value of difference less than 0.02). 
Thus it appears that in normals there was a slightly greater quantity of 
blood between the injection point and point of sampling at the radial artery 
than between the injection point and point of sampling at the femoral artery. 
In preoperative coarctation patients no such difference was present, but after 
operation there was apparently some return toward the normal situation. 


TABLE VI, ESTIMATED QUANTITY (IN LITERS) OF ACTIVELY CIRCULATING BLOOD BETWEEN 
POINT OF INJECTION AND POINT OF SAMPLING (‘‘Q VALUE’’) AS DETERMINED 
FROM SIMULTANEOUS RADIAL AND FEMORAL DYE CURVES 


AVERAGE DIFFERENCE 
(RADIAL MINUS 





RADIAL FEMORAI | FEMORAL ) 
) normal subjects | 2.3 + 0.2" 2.0+0.1 0.4+0.1 
(P value <0.05 
14 coarctation patients preopera L906. 1S+0.] 0.1+0.1 
tively P value <0.3 
6 coarctation patients postopera 2.0 +0.2 BY fog | 0.4+ 0.1 
tively | | | P value <0.02) 


*Figures following + signs are standard errors of the means. 


6. Intra-arterial Pressures and Other Data From Pulse Contour Tracings. 
Average simultaneous intraradial and intrafemoral pressures in the five normal 
subjects, fourteen preoperative patients, and six postoperative patients are 
given in Table VII. Pressures in the same six patients before and after surgi- 
cal repair of their coarctation are compared in Table VIII. There was an 
average decrease after operation of 28 mm. of mercury in radial systolie, 17 
mm. in radial diastolic, and 25 mm. in radial mean pressure. The femoral 
systolic pressure increased an average of 18 mm. after operation, while the 
femoral diastolic and femoral mean pressures decreased an average of 8 and 
| mm. of mereury, respectively. 

Data regarding femoral/radial pressure ratios and pulse conduction times 
in the three groups (normals, preoperative patients, and postoperative pa- 
tients) are given in Table LX. Comparison of values for these variables in 
the same six coarctation patients before and after surgical repair showed that 
after operation there was (1) an average increase in the femoral/radial pres- 
sure ratio of 0.24 in the systolic pressure ratio, 0.38 in the pulse pressure ratio, 
and 0.20 in the mean pressure ratio, (2) an average decrease of 0.03 second 
in the delay in the onset of the femoral pulse, and (3) an average decrease 
of 0.05 second in the interval between onset and attainment of peak pressure 
in the femoral pulse. This improvement in hemodynamic relations at the 
femoral artery following surgical repair of coarctation is comparable to that 
reported in other series.” ® 
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COMMENT 


The absence of remarkable qualitative differences between the dye con- 
centration curves recorded simultaneously from different sources in the same 
subject would seem to lend support in principle to the dye injeetion method of 
calculation of eardiae output and other variables. The somewhat steep con- 
tour of coneentration curves from all sources in patients with coarctation of 
the aorta cannot be considered indicative of the anatomie lesion, but merely an 
indication that the cardiae output and velocity of cireulation are probably 
normal or elevated, and the slight decrease in steepness after operation was 
neither constant nor marked enough to be considered significant in itself. 


The method used allows objective measurement of circulation times, and 


probably is capable of demonstrating differences which are unrecognizable by 


circulation time methods involving subjective sensations. The use of cuvette 


VIL. SIMULTANEOUS RADIAL AND FEMORAL INTRA-ARTERIAL PRESSURES 
MERCURY) IN NORMAL SUBJECTS AND PATIENTS WITH 
COARCTATION OF THE AORTA 


AVERAGHI 
MM. OF 


TABLI 


RADIAI FEMORAL 


SYSTOLIC DIASTOLIC MEAN SYSTOLIC DIASTOLIC 


o4t 


(59-78) 


MEAN 
5 normal subjects 63 85 


79 77-108 


126 
117-1 

187 
122-237 

157 


YQ 


121-22 


126 
110-142 

108 
95-120 

123 


(102-151 


87 
36 56 iw (80-104 
86 
63-105 
71 


60- SS 


120 
87-148 


Ss] 


67 


95 


(83-110 


14 coarctation patients 
preoperatively 
Q5 


80-124 


94 
78-116 


6 coarctation pat ients 


postoperatively (63-909 


*Figures in parentheses represent ranges of values. 


TABLE VIII. 
FEMORAI 


FOLLOWING OPERATION IN SIMULTANEOUS RADIAL AND 
MoM. OF MERCURY) IN SIX PATIENTS WITH 
VALUE MINUS PREOPERATIVE 


AVERAGE CHANGES 
INTRA-ARTERIAL PRESSURES 
COARCTATION (POSTOPERATIVI 


SYSTOLIC DIASTOLIC 


17 


Radial 28 


Femoral 


15 to 9 


+18 


Oto +37 


31 to + 
g 


to +6 


*Figures in parentheses represent ranges of values. 


TABLE IX, DATA FROM 


SYSTOLIC 
PRESSURE 
RATIO 
FEM./RAD. 
1.00 
(0,92-1.06 ) 


5 normal sub- 
jects 

14 coaretation 
patients pre 
operatively 


0.58 
0.49-0.78 ) 
6 coarctation pa 
tients postop 
tively 


0.80 
(0.66-1.00) 


pulse wave. 


‘Figures in parentheses 


+ 


represent 


PULSE 
PRESSURE 
RATIO 
FEM, /RAD. 
1.02 
(0.82-1.16) 


7 
0.2% 


(0.17-0.48 )} 


0.62 


(0.44-1.01)| (0.94-1.10) 


*Interval between onset of upstroke of radial pulse 


ranges of 


SIMULTANEOUS RADIAL AND 
( AVERAGE 


VALUE 


MEAN 
PRESSURE 
RATIO 
FEM./RAD. 
1.03 
(1.01-1.04 


0.80 
(0.74-0.95 


0.99 


valt 


FEMORAL 


S) 


DELAY IN ONSET 
OF FEMORAL 
PULSE, 
SECONDS 
0.01 

0.01 to +0.02 ) 


0.02 


{ 


BUILD-UP 
TIME OF 
RADIAL 
PULSE, 


| SECONDS 


0.1] 


PULSE CONTOUR TRACINGS 


BUILD-UP 
TIME OF 
FEMORAL 
PULSE, 
SECONDS 
0.15 


0.10-0.12 )| (0.13-0.16 


0.10 


0.22 


(—0.01 to +0.04) | (0.08-0.12 )} (0.18-0.29 


—0.01 


1es. 


0.08 


wave and onset of upstroke of 


0.16 


.(—0.02 to +0.02) 1 (0.07-0.10) | (0.13-0.19 


femora 
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oximeters for circulation time measurements may perhaps be criticized be- 
‘ause the continuous flow of blood out of the artery may produce an actual in- 
erease in the velocity of flow in the vessel and thus a falsely low value for the 
circulation time. However, sampling is done at approximately the same rate 
through both radial and femoral needles, and the flow out of the artery is 
relatively small (usually 16 to 20 ml. per minute). In patients with coarcta- 
tion of the aorta there seemed to be a relative increase in circulation times to 
parts below the coarctation as compared with circulation times above it, and 
it seems logical to suppose that this was due to the increased length and volume 
of the collateral channels which the blood must traverse to reach the lower 


parts, as has been previously suggested.*!° In absolute terms, however, the 


circulation time to the femoral artery in patients with coarctation was essen- 


tially the same as in normal subjects, while the velocity of cireulation above 
the coarctation was increased above normal. Surgical repair of the coarcta- 
tion tended to restore the normal relationships of circulation times, apparently 
(1) causing an over-all slowing of circulation, but (2) at the same time shorten- 
ing the route by which blood reaches the femoral artery. 

An estimate of the inherent variability of the dye dilution method for 
determination of cardiac output may be obtained from the results of determina- 
tions from concentration curves recorded simultaneously at radial and femoral 
arteries in the same individuals. There was no significant systematic differ- 
ence between values estimated from curves recorded at these two points in 
any of the three groups of subjects. The standard deviation of the differences 
amounted to approximately 8 per cent of the mean value in normal subjects 
and approximately 15 per cent in preoperative and postoperative patients, al- 
though differences up to 30 per cent occurred in individual determinations. 
This degree of variability is similar to that reported for both the direct Fick 
and the dye dilution (Hamilton technique) procedures.*! 

Comparison of cardiac indexes in preoperative and postoperative coarcta- 
tion patients with those in normal subjects under like circumstances did not 
reveal significant differences, a finding in agreement with previous stud- 
ies* 115 in which no consistent elevation of cardiae output was demonstrated. 
However, comparison of values in the same six patients before and after cor- 
rective surgical procedures for coarctation demonstrated a significant de- 
crease in cardiac index postoperatively, which may be a mechanism in effect- 
ing the circulation time changes also seen. 

Estimation of total blood volume, or Evans blue space, by the method used 
is subject to considerable error because of the technical difficulties in accurate 
measurement of the relatively low concentration of dye in a whole blood sample 
taken after complete mixing has occurred. The standard deviation of dif- 
ferences between simultaneous determinations of blood volume using radial 
and femoral arterial samples amounted to 14 per cent of the mean value in 
normal subjects, 14 per cent in preoperative patients, and 10 per cent in post- 
operative patients, but differences up to 39 per cent oceurred in individual in- 
stances. 
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Estimation of the quantity of actively circulating blood between the point 
of dye injection and point of sampling is admittedly an approximation involvy- 
ing all the sources of error inherent in estimation of the cardiac output as well 
as those in measurement of circulation time. l'urthermore, the cireulation time 
used (interval from onset of dye injection to attainment of peak concentra- 
tion at sampling point) may differ slightly from a true mean circulation time. 
The average value for “Q” in normal subjects, using the femoral artery as the 
point of sampling (2.0 liters), is in agreement with that obtained by Hamilton 
and associates.*° It is probable that the slight relative increase in Q between 
injection point and femoral artery noted in preoperative coarctation patients 
may be a function of the volume of the collateral circulation around the strie- 
ture, and that this volume is reduced after surgical repair when blood follows 
the more normal course down the aorta. 

The finding of elevated radial systolic and diastolie pressures, normal or 
decreased femoral systolic pressures, elevated femoral diastolie pressures, re- 
duced ratios of femoral to radial systolic pressures and femoral to radial pulse 
pressures, delayed onset of femoral pulse, and prolonged build-up time of the 
femoral pulse in patients with coarctation, as compared with normal subjects, 
is in accord with results of others,®* as is the tendency for these values to 


return toward normal after surgical repair of the coarctation. 


SUMMARY AND CONCLUSIONS 


Using techniques for continuous recording of time concentration curves of 
T1824 in arterial blood and for direct measurement of intra-arterial pressures, 
multiple physiologic variables have been studied in five normal subjects, in 
fourteen patients with coarctation of the aorta before operation, and again in 
six of these patients ten to fifteen days after resection of the stenosis and end- 
to-end anastomosis of the aorta 

1. The contours of dye concentration curves recorded simultaneously at 
the ear, radial artery, and femoral artery were closely similar to each other in 
the same individual, and there was no consistent qualitative difference between 
curves recorded in norma! subjects and those recorded in coaretation patients 
before or after operation, although in such patients, a generally steep contour 
often existed before operation, but tended to diminish in steepness after 
operation. 

2. While circulation times to the ear and radial artery in preoperative 
coarctation patients were slightly less than in normal subjects, this difference 
did not attain statistical significance with the number of subjects used, but 
differences between circulation times to the radial artery and to the femoral 
artery were significantly smaller than corresponding values in normal subjects. 
Postoperatively, circulation times recorded at the ear and radial artery tended 
to be inereased over the preoperative value (but differences did not reach 
statistical significance), while circulation times at the femoral artery were 
unchanged. 

3. Values for eardiae index caleulated from dye concentration eurves 
recorded at the radial artery were not significantly different from those ob- 
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tained at the femoral artery within each of the three groups of subjects, and 
there was no significant difference between the average eardiae index for 
normal subjects, preoperative coarctation patients, or postoperative coareta- 
tion patients. However, comparison of values in the same six patients before 
and after surgical repair of the coarctation revealed a significant decrease in 
cardiac output after operation which averaged 0.5 + 0.1 liter per minute per 
square meter. 

4. Within each of the three groups of subjects, values for blood volume 
determined from radial arterial samples did not differ significantly from those 
determined from simultaneous femoral arterial samples. There were no sig- 
nificant differences in estimated blood volume (in eubie centimeters per kilo- 
gram body weight) between normal subjects, preoperative patients, and post- 
operative patients. 

). In normal subjects, the estimated volume of actively circulating blood 
between the point of dye injection and the radial artery appeared to be 
slightly greater than that between the point of injection and the femoral 
artery, although differences did not attain statistical significance. These two 
quantities were almost identical in preoperative coarctation patients, but in 
postoperative coarctation patients, the relationship was similar to that seen in 
the normal subjects. 

6. The alterations from normal in intraradial and intrafemoral pressures 
and in conduction times of the femoral pulse found in patients with coarctation 
of the aorta are in agreement with results of previous studies by similar 
methods. After surgical repair of the coarctation, these variables returned 
toward the normal state. 

The authors acknowledge with gratitude the professional assistance of Drs. J. C. Broad 
bent and H. B. Burchell, and the technical assistance of many others, particularly Roy 
Engstrom, Ardyth Hanson, Lucille Cronin, Rita Schmelzer, Janet Robinson, Paul Klipsie, 
and Margaret Lyons. 
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THE ALLEGED SEDATIVE EFFECT OF THONZYLAMINE 
HYDROCHLORIDE (NEOHETRAMINE) * 
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HAT there are wide differences among the various antihistaminie agents 

with respeet to poteney and duration of action is well known. That qualita- 
tive and quantitative differences exist in undesirable side effects, particularly 
sedation, produced by these various agents seems equally probable. That. is, 
agents having a common therapeutic result usually differ widely in poteney, 
duration and side effects. However, the entire group of antihistamines are fre- 
quently said to produce more or less sedation in many patients. For example, 
in their recent book, The Antihistamines, Feinberg, Malkiel, and Feinberg write 
as follows: ‘*The sedative effect of the antihistamines is their most character- 
istic side action. Depending on the individual susceptibilities of the person, 
the nature of the specifie drug and dose, this sedative action may assume varying 
degrees of severity. ... In more severe effects the patient becomes groggy and, 
if still more severe, very sleepy. The sedative effect often reaches a stage com- 
parable to that obtained from a soporific dose of a barbiturate and not infre- 
quently the effeet is even more pronounced. ... This sedative action, except in 
its mildest form, is objectionable and endangers the patient as well as those 
who are dependent for their safety on his alertness’’ (p. 193).° With respect 
to thonzylamine (Neohetramine) these authors state: ‘*The commonest side 
action is sedation. With doses of 50 me. we obtained an incidence of side ac- 
tions of 9 per cent, with 100 meg., 16 per cent. Arbesman! noted an incidence 
of 16 per cent, while Criep and Aaron?’ reported 10 per cent, and the Fried- 
laenders’ gave an incidence of 12 per cent for doses of 50 to 100 mg.”’  (p. 201).° 

The only report that we have found of an objective attempt to measure side 
effects of antihistamines is that of Holtkamp, Hagerman, and Whitehead,® who 
tested the effect of Benadryl, Pyribenzamine, and Hydryllin on ten studeits. 
As measures they emploved a cancellation test, reaction time, two-point dis- 
crimination, blood pressure, pulse, and respiration. They also made a note of 
any subjective change that occurred. They found that there was no consistent 
effeet produced on any test by any of the three agents. (Application of the chi- 
square test of statistical significance to their data indicates that no statistically 


significant differences were found.) However, they conclude their report as 
follows: ‘‘Care should be taken ... to warn the patient of the dangers in- 


*The authors are indebted to the Nepera Chemical Company for the supply of the agents 
used in this study, and to Dr. Henry Thomas and Dr. John Scudi for helpful advice and sug- 
gestions. 

*Department of Research Psychology, Psychiatric Institute, Columbia-Presbyterian Medi 
cal Center, 722 West 168th Street, New York, N. Y 
Received for publication, Feb. 28, 1951. 
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herent in his reduced ability to reaet quickly. These factors are especially im- 
portant in the... driving of an automobile.’’ Their findings as reported gave 
no basis for this statement. 

Since the blanket charge of sedation has been leveled at all antihistamines 
and has gained wide acceptance, it seemed worth while to investigate the point 
under properly controlled conditions where objective tests as well as the way 
the subject felt could provide evidence which could be tested by accepted sta- 
tistical methods. Furthermore, the most crucial test of the sedation effeet would 
involve an examination of those agents which have been credited with minimal 
side effects. Physiologic evidence and clinical experience indicated that thon- 
zylamine hydrochloride (Neohetramine) has a very low incidence of side effects, 
including sedation. Even so, several clinical reports, as noted above, mention 
that an average dosage (25 to 50 mg. of Neohetramine every two hours) drowsi- 
ness, excitement, dizziness, nausea, or diarrhea may occur in 5 to 15 per eent of 
patients.°® 

METHODS 


We have published elsewhere a detailed account of an experimental study!! relevant 
to the lack of sedation produced by thonzylamine. Our purpose was that of obtaining by 
objective tests and introspective reports further knowledge of the effects of thonzylamine, 
phenobarbital, or a placebo under controlled conditions where no clue was available to 
suggest what, if any, effect might occur. 

In a preliminary experiment‘ three doses of 25 mg. of thonzylamine and three of 4 
grain of phenobarbital ingested during four hours before testing were employed with 
twenty-four normal subjects over four successive days. The results obtained indicated 
that either the dosages employed had been too small or the variability of the individual 
subjects too great, so that no single test score was changed in a significant fashion on the 
day the agents were taken. However, there was a clear tendency for the thonzylamine to 
approximate closely the placebo effects with each test employed. 

In the main experiment!! the dosage employed was three capsules of 50 mg. of 
thonzylamine or three of 50 mg. of phenobarbital. A three-day placebo-agent-placebo 
schedule was adopted so that all subjects received placebo on the first and third days. 
On the second day one-third of the subjects received placebo, one-third phenobarbital, and 
one-third thonzylamine. If P represents a placebo dose, Ph a phenobarbital dose, and T 
a thonzylamine dose, then the schedule of dosage was as follows: Monday night on re 
tiring—P; Tuesday four hours, two hours, and one-half hour before the tests started- 
P; Tuesday night before retiring—either P, Ph, or T, depending upon the experimental 
group to which the individual belonged; Wednesday four hours, two hours, and one-half 
hour before the tests started—P, Ph, or T; Wednesday night before retiring—P; Thursday 
four hours, two hours, and one-half hour before tests started—P. The dose one-half hour 
before the test started was given at the laboratory by the manager of the experiment. 
The doses were made up in appropriately labelled pill boxes so that each box indicated 
the exact time the capsules in the box should be taken. <A schedule of dosage was given 


ach person on which the following statement was printed: 


We are investigating the effect of certain combinations of chemical agents 
which may effect psychological test performance. In order to avoid subjective 
effects such as fatigue, suggestion, and the like, the agents used are given in 
differing amounts. Part of the time the dose is a placebo, that is milk sugar 
which has no effect. The investigators doing the experiment do not know 
which agent is being employed at any particular time. 

In order that our results may be as clear cut as possible we wish to avoid 


including in our study group anyone who is pregnant, has an allergy, or has a 
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heart condition. The schedule which we request that you personally follow 

with respect to time of taking capsules and pills, and for appearing for tests 

is as follows; ete. 

In this experiment, we tested seventy-two normal persons (thirty men and forty-two 
women) of an average age of 30 years (range 21 to 41 years) who were of superior 
educational achievement (61 college or graduate students, 11 high school graduates). All 
were examined and interviewed by a physician before the beginning of the experiment. 
Any person who had heart disease, active allergy, or chronic or intercurrent disease, was 
using antihistamines at that time, or was pregnant, was excluded from the study by the 
physician. 

As a result of our experience in the Columbia-Greystone!3 Brain Research Studies 
we had at our disposal several tests and techniques which we believed might be indicative 
of loss of psychological efficiency or of sedation. We made use of seven of these tests 
on three successive days of this study. On each day after the tests were finished the 
subject was engaged in conversation for ten to fifteen minutes by a trained interviewer 
who attempted to get the subject to comment on how he felt, how the tests impressed 
him, and whether he thought the capsules he had taken that day had had any effect on 
the way he felt or on his test performance. The choice speed test (CST) we employed 
was one of reaction time involving some degree of attention and decision. The continuous 
problem experiment (CPE) tested the ability to bear in mind principles once learned in 
face of a minor stress situation (confusing spatial relationship and rapid performance) 
for two two-minute periods. The cancellation test (Can-A) has been employed in a wide 
variety of psychological experiments to indicate the efficiency of such functions as 
attention, discrimination, concentration, or fatigue. The tapping test is one of the 
simplest used in psychological experiments, but one that has long been recognized as re 
flecting a state of impaired psychological efficiency. We used it in two ways: (a) to 
indicate speed (Tap-S), and (b) to indicate endurance (Tap-E). Critical flicker fusion* 
is one of the most sensitive indicators of functional efficiency of the retina and/or the 
central nervous system which is available. The flicker test has been used by many in- 
vestigators’, 12,14 as an indieator of fatigue or drowsiness. 

The reliability of each test was determined by correlating the results of day 1 with 
those of day 2 after allowing for the differences between the means of the three con 
trasted experimental groups. This was accomplished in the course of an analysis of co- 
variance by utilizing the ‘‘within group’’ cross products and sums of squares. Tests 
whose reliability exceed 0.75 are generally regarded as_ sufficiently reliable to warrant 
group comparisons.19 The reliability coefficient for tapping endurance was 0.86 + .02; 
for tapping speed 0.83 + .08; and for flicker sector disk 0.75 + .04. 

The validity of the tests was measured by their degree of sensitivity to the influence 
of the two contrasting agents of known potency—the neutral placebo and the depressant 
phenobarbital. This was determined by comparing test performance under these two con 
ditions. The results for Groups A (placebo-placebo) and B (placebo-phenobarbital) were 
analyzed by means of an analysis of variance and covariance.8 After correction (in light 
of the covariance analysis) for the possible influences of initial differences noted on the 
first day, the results indicated that there was a significant difference attributable to the 
depressant influence of phenobarbital, the mean performance for the latter showing sig 
nificant decrements as compared to the placebo, These differences were significant at the 
0.05 level for flicker, sector disk, and tapping (endurance), and at the 0.01 level for 
tapping (speed). It was concluded that these three tests were sensitive to the effects of 
a depressant drug, and hence were suitable instruments for detecting whether thonzylamine 


had depressant effects in terms of these three tests. 


Two methods of measuring the ficker fusion point were used in our experiment. (1) 
CEFF-E; a sector disk cutting the white light illumination in equal light-dark intervals. The 
2 degree visual angle test patch was 27.6 ml. (measured above fusion) viewed in a surround 
at 2.4 ml. (2) CFF-S; a General Radio Company Type 631-B Strobotac produced a red-orange 
test patch by a flashing neon lamp, each flash having a duration of 48 microseconds. The 
test patch had an apparent brightness of 6.2 ml. and the surround 9.3 ml. 
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RESULTS 
150 


phenobarbital during four and one-half hours before testing sig- 


The objective test results indicated that the ingestion of mg. (214, 


grains) of 
nificantly lowered the scores on tapping and flicker, while 150 mg, of thon- 
It should be 
noted that the dosage emploved was well above that used in the ordinary thera 


zylamine had no more effect on the scores than did the placebo. 


peutie situation in any four- and one-half-hour period. 


TABLE I. MEANS, DEVIATIONS, FOR THE SEVEN TESTS 
NTIRE GROUP PLACEBO THONZYLAMINEI PHENOBARBITAI 

Day l Z | 2 l Z l 2 
No. iz ps (2 »4 24 24 24 24 24 
CST 

Mean 0.14 0.1 0.12 0.14 0.13 0.14 0.1 O18 0.18 
S.D. 0.04 0.03 0.04 0.0! 0.03 0.03 0.03 0.04 0.03 
CPE 

Mean 58 67 76 sy 66 59 68 DS O7 
S.D. 16 16 16 13 1d 14 16 1d 14 
Can-A 

Mean 0.82 O.S4 0.83 OS] O.85 O.82 0.84 0,82 0.84 
S.D. 0.13 0.14 0.13 0.09 0.08 0.09 0,11 0.08 0.08 
Tap-S 

Mean 140 145 148 136 148.7 142 147.8 1453 139.5 
S.D. 22 Ze 2 12 10 14 12 IS 16 
Tap-E 

Mean 276 989 29() 27() 984.6 275 83. 284 276.9 
S.D. ad) 25 0) 19 24 21 22 Ze 22 
CFF-E 

Meat 38.0) 8.2 8.2 8.0 8.5 8.0 8.6 7.8 7.4 
S.D. 3.0 Ae | A | 5 Aa 3.2 woo 23 2.4 
CFF-S 

Mean 36.6 7 7 6.5 37.5 37.0 7.9 56.3 56.7 
S.D. 5 9 t.] 1.5 6 2 a) S 


for all 


Since as Table I shows the groups differed somewhat 


The actual average scores for each of the three contrasted Froups 
tests are given in Table I. 
in their initial level, the absolute changes between the first and second days would 
not be accurate indicators of the influence of the three chemical agents. For 
three tests (Tap-S, Tap-E and CEEF-E 


Table Il were made by means of the covarianee technique. 


appropriate corrections as indicated in 
These corrections 
were applied to the results of the seeond day to adjust for the influence of the 
initial differences. 

It is apparent from Table IT that while the mean gains for the placebo and 
thonzylamine groups are never significantly different, the phenobarbital gains 
are significantly smaller for the three sensitive tests than the corresponding 
gains of the placebo and thonzylamine groups. It may be concluded that these 
three tests do show significant differences between placebo and phenobarbital, 
and that they do not show a significant difference between placebo and thon- 
zy lamine. 

As mentioned a record was made of the daily interview with each subject 


after he had completed the objective tests. These interview reports were read 
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TABLE II. SECOND-DAY ScoRES ON FLICKER AND TAPPING TESTS ADJUSTED BY THE METHOD 
OF COVARIANCI 


TESTS 
FLICKER ( CFF-E TAPPING S$ rAPPING 
CYCLES PER SEC. 3 TEN SEC. SPURTS! TAPS PER 60 SEC. 
GROUP N M GAINS M GAINS M GAINS 

Placebo 24 38.46 0.52 148.71] 8.53 284.63 8.62 
Thonzylamine 24 38.58 0.64 147.78 7.59 283.32 7.3) 
Phenobarbital 24 37.38 O55 139.55 0.63 ~T6.96 0.95 
Total 72 38.14 0.20 145.35 sR yj PR1.64 0.63 
S.E. 0.48 2.13 3.00 
Critical Ratio 
Plac-Thonz 0.25 0.43 0.37 
Plae-Phenobarb 2.96" £.30 2.16 
Thonz-Phenobarb 250 3.86 1.79 


Indicates significance at the 0.05 level. 


through by two of the investigators (who had no prior knowledge of the identity 
of the ingested agent) to try to see if any of the remarks about how the subject 
felt could be interpreted as indicative of either “no different trom usual,”’ 
‘*better,’’ or ‘‘worse.’’ Most of the evaluations agreed, but such disagreements 
as occurred between the judges were reviewed and an agreement reached. Sinee 
these evaluations were obtained from an interview in which the conversation 
had been directed to bring out specific information with supporting evidence, 
viz., how they thought the way they felt had influenced their test performance, 
and since the subject had no knowledge of any ‘‘expected’’ effeet which the 
capsules might produce, the evaluations approximate objective measures. Ordi- 
nary clinieal evaluation which is usually based on any answer to a direct ques- 
tion such as, ‘‘How did those pills make vou feel?’’ has no such objectivity, 
since the effect of suggestion and expectation cannot be avoided. The reports 
for each day by chemical agent are shown in Table IIT. 


TABLE III. DISTRIBUTION OF SUBJECTS BY FEELING-STATE JUDGMENT 


DAY | DAY 2 DAY 3 
NO BET NO BET NO BET 
N. DIFF, WORSE. TER N. DIFF. WORSE. TER N. DIFF. WORSE) TER 
Placebo 24 20 2 2 24 15 i 7. 24 22 2 0 
Thonzylamine 24 24 0 0) 24 7 15 2 24 23 | 0 
Phenobarbital 24 pas ] 0) 24 5° LZ 2 24 21 2 ] 


It will be noted that on both the first and third days (placebo days) most 
of the seventy-two subjects, with very few exceptions, reported that they felt 
no different from usual (neutral feeling tone), thus providing a firm base line 
against which changes on the drug day might be judged. On the drug day, 
there was a significant difference between the placebo group, on the one hand, 
and the two drug groups on the other (X* = 12.51, P < .01). Many more 
subjects reported a negative feeling tone in the two drug groups than in the 
placebo group. 

When the data obtained from the interviews were tabulated by type of 


agent ingested, we found in 148 instances out of 168 (88 per cent) normal 
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subjects who received a placebo reported feeling ‘‘normal’’ or no difference. 
In the remaining instances twelve reports of feeling worse (three said sleepy ) 
and eight of feeling better were obtained. 

Of the twenty-four subjects who had had phenobarbital, two (8 per cent) 
felt better on the day of the drug; of the twenty-four who had had thonzylamine, 
two (8 per cent) felt better on the day of the drug. 

Of the twenty-four subjects who had phenobarbital, seventeen (71 per 
cent) felt worse on the day of the drug, and eleven of the seventeen were sure 
or thought it probable that the feeling was related to the capsules they had 
taken. The judgment of worse was based on the fact that they said they felt dull, 
tired, or sleepy. Six actually said they were sleepy. Of the twenty-four 
subjects who had had thonzylamine, fifteen (63 per cent) felt worse on the day 
of the drug, and fourteen of the fifteen were sure or thought it probable that 
the feeling was related to the capsules they had taken. The judgment of worse 
was based on the fact that they said they felt uneasy, jumpy, queasy, or drowsy. 
In five instances the subject actually said he was drowsy or sleepy. 

As shown above, the average scores on the objective tests of tapping and 
flicker were significantly reduced in the twenty-four subjects by ingestion of 
phenobarbital but not by thonzylamine. When the subjects felt better, worse, 
or no different after having had phenobarbital the average scores on tapping 
and flicker were significantly redueed. But when the subjects felt better, worse, 
or no different after thonzvylamine the average seores on no one of the tests 
were significantly reduced. Otherwise stated, the subject might be conscious 
of feeling different after taking thonzylamine, but his objective test perform- 
ance was unaltered. 

One striking instance of ‘‘side effect’’ occurred during the course of the 
experiment which shows how easy it is for anyone to be misled about the 
effect of a drug. After having taken the capsule in the evening as directed, 
one woman became dizzy, nauseated, and vomited. Next morning there was 
some return of the symptoms which she thought at the time were exaggerated 
when she took the first capsule for the day. The next two capsules had no un- 
pleasant effect. When she came to the laboratory she was overheard telling 
another subject, ‘‘ Watch out for the purple capsules, they are dynamite.’’ She 
told the interviewer about the episode and blamed it on the capsules. However, 
the third day she told the interviewer that she probably had been wrong the 
day before in blaming the capsules, since on thinking it over she remembered 
having felt queasy before taking the first purple capsule in the evening, and 
the third and fourth on the second day certainly hadn’t disturbed her. The 
purple capsules were placebos! 


DISCUSSION 
It must be emphasized that the evidence which we have presented in rela- 
tion to sedation attributed to antihistaminic agents runs contrary to common 
elinical opinion. We have clearly shown by objective tests that phenobarbital 
ingested under conditions where the subject could have no knowledge of what 
he had taken or what results might be expected, did reduce the average score 
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from that which was to be expected to a level of statistical significance on three 
of the seven tests. Also that nineteen of twenty-four subjects felt different after 
taking the 150 mg. of phenobarbital, and this feeling was usually characterized 
as drowsy, sleepy, or tired. 

Under the same conditions the ingestion of 150 mg. of thonzylamine had 
no greater effect on any one of the seven objective tests than did the placebo. 
We call attention to the fact that seventeen of the twenty-four subjects felt dif- 
ferent after ingesting thonzylamine, but this feeling was in only five instances 
coupled with a report of sleepy or drowsy. Neither the feeling different for 
seventeen subjects nor the sleepy feeling of the five subjects was associated with 
a change in score on the tests greater than that produced by the placebo. 

Why has clinical experience led to a belief that antihistamines have a seda- 
tive effect? Our guess is that some one or more of these agents, but certainly not 
thonzylamine, may give rise to definite reports of sedation. (Whether such 
reports would be borne out by objective tests we cannot say.) But having heard 
a number of patients say that this or that antihistamine pill made them sleepy, 
it seems possible that the clinician has fallen into the trap of leading his new 
patients to expect that every antihistamine which he gives may produce sleepi- 
ness. The patients feel different and report the different feeling as sleepy 
beeause the doctor has said it might make them feel sleepy or drowsy. We 
cannot prove that this explanation is correct, but we believe it furnishes a 
plausible account for the diserepaney between previous clinical reports and 
our experimental findings. 

SUMMARY 


The alleged sedative effects of the ingestion of thonzylamine hydrochloride 
(an antihistamine agent) and phenobarbital (a soporifie agent) have been 
studied. We utilized seven objective tests as well as a carefully designed 
interview with the subject in evaluating the sedative effects. Special preeau- 
tions were taken to obviate in so far as possible variations which might be at- 
tributed to suggestion and motivation. Following ingestion of 150 mg. of 
phenobarbital over four and one-half hours before testing 80 per cent (nineteen 
of twenty-four) subjects felt different, either better or worse. No matter how 
the subjects felt, four of the seven objective tests showed impaired scores, three 
of these tests to the level of statistical significance. Following the same dosage 
over the same space of time 71 per cent (seventeen of twenty-four) of those in- 
gesting thonzylamine felt different, but no matter how they felt the scores on no 


one of the objective tests were impaired. 





Thonzylamine hydrochloride does not give rise to true sedation. Clinical 
opinion that all antihistamines have a sedative effect has probably grown out 
of faulty and inexact reporting by patients. 
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~. peewee of the action of chemotherapeutic agents on the green or viridans 
streptococci, or of the development of resistance in these organisms, have 
been reported much less frequently than have similar studies on other organ- 
isms. Nevertheless, these bacteria of low pathogenicity sometimes present 
serious clinical problems because of their lack of response to treatment by the 
usual methods. It is also generally admitted among bacteriologists that the 
present subdivision of the group into species may not be justified, and all are 
not agreed on which tests are best for differentiating the viridans group from 
the enterococci. Therefore, any further study of their biochemical properties 
would seem to be of value. 

It has previously been shown! that trained sulfathiazole-resistant strains 
ot Streptococcus mitis possess biochemical properties similar to those charae- 
teristic of enterococci. It seemed of interest, therefore, to determine the sus- 
ceptibility of strains of viridans streptococci and naturally resistant enterococci, 
not only to sulfathiazole, but to the better known antibiotics as well; and to 
determine whether their susceptibility to these agents was related to other bio- 
chemical properties as sulfathiazole resistance had been found to be in the 
trained strains. As a corollary to this study, it followed that strains trained 
to resistance to penicillin, streptomyein, aureomyein, and bacitracin should be 
compared in biochemical properties to sulfathiazole-resistant strains and to the 
naturally occurring enterococci. Investigation of cross-resistance among these 
strains seemed of further importance because of its possible clinical applications. 

Changes in biochemical properties that accompany changes in resistance 
to chemotherapeutic agents may make for even greater confusion in identifi- 
cation or classification than that which already exists in the viridans group. 
A study of the interrelationship between susceptibility and the biochemical 
properties commonly used for the identification of the organisms may produce 
several useful results. Better tests for identification may be discovered, possible 
agents for trial in treatment of the changed organisms may be indicated, and 
possible changes in organisms subjected to the chemotherapeutic agents may 


be anticipated. 
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METHODS 


Thirty-seven strains of nonhemolytie streptococci, secured from the Bacteriology Labora- 
tory of Colorado General Hospital, and three stock strains, were used. Each strain was 
isolated from a different individual. The source of each culture is given in Table I. 

The tests for growth in broth and determinations of bacteriostatic concentrations were 
performed in Tryptose Phosphate Broth (TPB) (Difco) at pH 7.2. In carrying out the 
various biochemical tests used for classification, one drop of an eighteen- to twenty-four-hour 
culture was inoculated into the appropriate media and incubated for twenty-four hours or 
longer if needed. All tests were done in triplicate. The biochemical tests used for separating 
the viridans streptococci from the enterococci were the following: growth after exposure 
to 60° C. for thirty minutes, growth at incubation temperature of 10° C., and 45° C., and 
growth at pH 9.6 in Difco Brain Heart Infusion broth, in 6.5 per cent NaCl, and on 40 


per cent bile agar; acid production in litmus milk; and reduction of 0.1 per cent methylene 


blue milk. When the majority of these tests were characteristic of viridans streptococci or 
of enterococci, they were so listed in Table IT. Actually, no strain showed more than two 
of the eight tests to differ from those characteristic for the group. 

The sensitivity of each organism to antibiotics and sulfathiazole was determined in 
5 ml. of TPB containing varving concentrations of the agents, using fivefold dilutions. <All 


determinations were made at least in triplicate. The antibiotics used were: 


a. Sodium sulfathiazole—Merck and Company, Ine 
b. Aureomyein HCl—Lederle Laboratories, Inc. 
e. Bacitracin—The Upjohn Company 

d. Penicillin G Potassium—E. R. Squibb & Sons 


e. Streptomycin sulfate—E. R. Squibb & Sons 


An eighteen- to twenty-four-hour culture of each organism was diluted 1:1,000 and 
one drop from a 1 ml. pipette was used for inoculation. The inoculum size of the viridans 
streptococci and enterococci cultures was adjusted to the same turbidity by visual inspection 
before diluting 1:1,000. This equalization was necessary because of the much more rapid 
growth of the enterococci as compared to the viridans streptococci for the same amount of 
time. All tests were carried out at an incubation temperature of 37° C. for eighteen to 


twenty-four hours, and the level of inhibition was considered as the lowest concentration, 


TABLE I] SOURCE OF CULTURES 


VIRIDANS TYPE ENTEROCOCCUS TOTAL NO. 
Blood 4 4 8 
Urine 3 3 6 
Nose and throat 7 0 7 
Bronchial washings 2 1 3 
Uterine swab 3 0 3 
Pus from thigh l | 2 
Bone marrow | 0) ] 
Colostomy opening 0 l l 
Pericardial swab l 0 1 
Pericardial sac 0 1 | 
Rectal abscess ] 0 ] 
Spinal fluid 0 l l 
Vaginal swab | 0 1 
Heart vegetation l 0 l 
S. fecalis 9790’ l 0 I 
BR; ** RG’? l 0 ] 
S, **8BR’*% l 0 1 


*American Type Culture Collection. 
tObtained from Dr. F. L. Horsfall. 
Obtained from Dr. H. W. Seeley 
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completely preventing growth. In the case of very slow growing organisms the result was 
read whenever the control tube containing no antibiotic or sulfathiazole showed good 
growth. 

Seven of the viridans strains were made resistant to four of the chemotherapeutic agents 
by serial subculture in TPB containing increasing concentrations of the agents. Six became 
resistant to sulfathiazole, five to aureomycin, five to penicillin, and six to streptomycin. 
Strains resistant to bacitracin did not develop, even though subcultured many times. The 
sulfathiazole, penicillin, and aureomyein-resistant trained strains have retained their resist 
ance for nearly two years, while being transferred on blood agar slants containing no sulfa 
thiazole or antibiotic. Strain No. 57 of the streptomycin-resistant variants has also remained 
highly resistant, but the others of this group, while still more resistant than the parent 
strains, have shown an appreciable decrease. Each resistant variant was tested for its 
ability to grow on 40 per cent bile agar, in 6.5 per cent NaCl broth, and for its ability to 
reduce 0.1 per cent methylene blue milk. Inhibiting concentrations of the five chemotherapeutic 


agents were determined as before. 


RESULTS AND CONCLUSIONS 
I. Viridans Streptococci and Enterococci Isolated From Human Sources. 
Biochemical Tests Used for Classification and Their Correlation: The prop- 
erties of twenty-seven strains which have most of the characteristics usually 
assigned to viridans streptococci, and thirteen strains with characteristies of 
enterococci, are given in Table II. This table shows that of the three tem- 
perature tests for resistance, growth at 45° C. is the only one which appears 
to be well correlated with other tests which separate the organisms into two 
groups. Enterococci are usually listed as being resistant to 60° C. for one-half 
hour, and as being able to grow at 10° C. for twenty-four hours.2* Of the 
thirteen enterococci listed here, only seven, or about 50 per cent, grew after 
holding at 60° C.; and only four, or about 30 per cent, grew at 10° C. Only 
one culture of the twenty-seven viridans grew at 45° C. Sherman? found that 
most viridans grew at 45° C. The explanation for this difference is no doubt 
due to our reading the test at twenty-four hours instead of at the end of four 
days’ incubation. The litmus milk test for acid production was 100 per cent 
positive for the enterococci, but was also almost 50 per cent positive for the 
viridans group. Similar results were found in the broth at pH 9.6. 
The next three tests listed—0.1 per cent methylene blue milk, 6.5 per cent 
NaCl, and 40 per cent bile agar—seemed to give the best differentiation between 


TABLE II. BIOCHEMICAL CHARACTERISTICS OF VIRIDANS STREPTOCOCCI AND ENTEROCOCCI 


VIRIDANS STREPTOCOCCI ENTEROCOCCI 
NUMBER OF STRAINS—27 | NUMBER OF STRAINS—13 
TEST USED NUMBER POSITIVE NUMBER POSITIVE 
60° C.—% hour ] 7 
10° C. 8] 4 
45> ©. ] 13 
Litmus milk—acid 16 13 
pH 9.6 broth 1] 13 
0.1 per cent M. B. milk 2t 13 
6.5 per cent NaCl broth 1 13 
40 per cent bile agar do} 13 


*Five strains only slightly positive. 
+Both only slightly positive. 
tAll strains grew very poorly. 
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TABLE IIT. GROWTH-INHIBITING CONCENTRATIONS OF SULFATHIAZOLE, AUREOMYCIN, 
BACITRACIN, PENICILLIN, AND STREPTOMYCIN 


VIRIDANS STREPTOCOCCI ENTEROCOCCI 

27 STRAINS 10 STRAINS 
MEDIAN EXTREMES MEDIAN EXTREMES 
Sulfathiazole 0.1 0.01 -10 30.0 20-< 30 
Aureomycin t 0.1 0.01 0.5 0.5 0.1 5 
Bacitracin+ 0.0] 0.001- 0.1 0.5 0.1 | 
Penicillin} 0.1 0.01 - 5.0 5.0 0.5- 20 
Streptomycin? 5.0 1.0 -50 100.0 50-100 


*Inhibiting concentration in mg. per milliliter. 
tInhibiting concentration in ug. per milliliter. 
Inhibiting concentration in units per milliliter 


groups, in addition to the 45° C. temperature test stated earlier, All of the 
group designated as enterococci were positive for all three tests, while only two 
viridans strains gave slight reactions for the 0.1 per cent methylene blue milk, 
five strains grew poorly on 40 per cent bile agar, and one was positive in 6.5 
per cent NaCl broth. No viridans strain was positive for more than one of 
these tests. 

Sensitivity Tests to Sulfathiazole and Four Antibiotics: The results of the 
sensitivity tests carried out on the forty strains are shown in Table III. These 
results show the relationship between the biochemistry of the organisms under 
study and their sensitivity to the chemotherapeutic agents. 

The inhibiting concentrations in Table III agree quite well with those 
found by other workers for viridans streptococei and enterococci. A study 
of these values indicates that the enterococci are, in general, more resistant to 
all of the agents tested. The least increase is shown for aureomyein and strep- 
tomycin; the greatest for sulfathiazole. These in vitro values indicate that the 
enterococci would be resistant to treatment with sulfathiazole, penicillin, and 
streptomyein; but might be expected to respond to aureomyein and bacitracin. 
Bacitracin is as vet too toxie for general use parenterally, but aureomycin has 


1 and also some 


heen reported useful in treating infections due to enterococci,’” 
combinations of aureomycin with other antibiotics have been suggested.’ The 
viridans group shows an in vitro level which indicates that any of the five 
agents might be effective for treatment. 

The difference between the inhibiting concentrations of sulfathiazole and 
penicillin for the two groups was of great enough magnitude that it seemed 
some value might be chosen between that for the viridans group and that for 
enterocoeei which would make a useful test for differentiation. Different con- 
centrations of sulfathiazole and penicillin were tried in preliminary experiments, 
and it was found that TPB broth containing 10 mg. per milliliter of sulfathiazole, 
and TPB broth containing two units per milliliter of penicillin seemed to give 
the most clear-cut results. In these tests one drop of an eighteen to twenty-four 
hour culture of the organism was used in order to make the test more practical 
for use in routine work. 

Five cubic centimeters of TPB containing sulfathiazole or penicillin in 
the concentrations given above were inoculated, each tube was ineubated for 
37° ©, for eighteen to twenty-four hours, and any turbidity read as a positive 
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TABLE LV.) CORRELATION OF THREE BIOCHEMICAL TESTS WITH SULFATHIAZOLE AND 
PENICILLIN SENSITIVITY 


DIFFERENTIAL TEST 13 ENTEROCOCCI 27 VIRIDANS STREPTOCOCCI 
0.1 per cent methylene blue milk 13 2 (sl)t 
6.5 per cent NaCl ] l 
1) per cent bile agar 13 > (sl 
10 mg. per milliliter sulfathiazole | ae 
2 units per milliliter penicillin broth 13 Ly 


Number with positive test 
tsl—Slight reaction. 

One strain positive for bile agar 
$Positive for M. ER. milk. 


test. These two tests proved very successful in separating the viridans strepto- 
cocci from the enterococci already classified by biochemical test, and are highly 
correlated with the three better biochemical tests. This is shown in Table IV. 

Therefore, if these two tests were used in addition to the three biochemical 

tests—0.1 per cent methylene blue, 6.5 per cent NaCl, and 40 per cent bile agar 

one would have not only five correlated biochemical tests for differentiating 
enterococei from viridans, but also would have an indication at the earliest 
possible moment of the resistance of the organism to penicillin, which is still 
the antibiotic of choice for treating most infections due to these organisms. 
This would prove valuable, both to the bacteriologist in the diagnostic laboratory 
and also to the ¢linician in starting chemotherapeutic measures. If a further 
study of more strains of nonhemolyvtie streptococci showed the same high cor- 
relation between these two tests and other biochemical characteristics, the peni- 
cillin and sulfathiazole susceptibility tests might well be used as the only ones 
for a practical short cut in determining whether the organism was a viridans 
streptococcus or an enterococeus. A recent paper by Finland and associates 
listed 131 of 132 strains of viridans streptococci to be susceptible to less than 
2 units per milliliter of penicillin and thirty-seven of forty-four enterococei 
to be resistant to 1 unit per milliliter.'” 

Il. Viridans Streptococci Trained to Resistance to Sulfathiazole, Aureo- 
mycin, Penicillin, and Streptomycin. 

Sensitivity Tests of Resistant Variants: The results of the sensitivity tests 
are shown in Table V. Most of the trained sulfathiazole-resistant strains in- 
ereased considerably in penicillin resistance, but showed smaller inereases in 
resistance to the other agents. The trained aureomycin-resistant strains gen- 
erally showed a marked increase in resistance to sulfathiazole, bacitracin, and 
penicillin, but less for streptomycin. Al] the trained penicillin-resistant strains 
increased 200 to 300 fold in resistance to sulfathiazole, but much smaller o1 
no increases were seen for the other agents. There was less streptomyein resist- 
anee acquired by the sulfathiazole, aureomyein, and penicillin trained strains 
than to the other agents, and the trained streptomycin resistant strains (with 
the exception of strain 57) showed only small increases in resistance to all the 
agents. There has been little or no cross-resistance observed particularly between 
sulfonamides and the antibiotics or between different antibiotics until recently 
when it has been reported in aureomycin, chloromycetin, and terramyein.'* 
Our small group of trained organisms shows a great deal of cross-resistance, 
even though the increase in many cases was not very large. 
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Biochemical Reactions of Resistant Variants: The aureomycin, penicillin, 
and sulfathiazole-resistant variants were all positive for the methylene blue 
milk, 6.5 per cent NaCl, and 40 per cent bile agar tests. Thus, viridans strains, 
trained to resistance to aureomyein and penicillin, acquire properties of entero- 
eoeci, as do the sulfathiazole-resistant variants. However, the streptomyein- 
resistant strains varied considerably, as shown in Table VI. This might, per- 
haps, have been expected, since Bryson and Demeree'* have indicated a basic 
difference between the manner in which penicillin, aureomyecin, terramyein, and 
neomycin resistance is acquired, and that in which streptomycin resistance is 
acquired. Only one of the six strains reduced methylene blue milk, and four 
grew in 6.5 per cent NaCl, and on 40 per cent bile agar. One strain, 57, was 
positive for all three tests, and also had the highest resistance. The streptomycin 
resistance of this strain was earried to a higher level than any of the others, and 
with this strain a high level of sulfathiazole resistance accompanied the in- 


creased streptomycin resistance. 


TABLE VI. BIOCHEMICAL PROPERTIES OF STREPTOMYCIN-RESISTANT VARIANTS OF 
VIRIDANS STREPTOCOCCI 


CULTURE No. 





| 1 | 6 17 : | 57 
Fold increase in resist ; tt aig 
ance to streptomycin 200 200 200 1,000 1,000 10,000 
0.1% methylene blue 
milk 0 0 0 0) 0) 7 
6.5% NaCl i) 0 4 
10% bile agar 0 0 


The aureomycin, penicillin, and sulfathiazole-resistant variants all had a 
high level of sulfathiazole resistance, and also showed the properties of entero- 
eoeci. In a previous paper’ we reported strain 57 to be the only one of the 
streptomycin-trained group to have free glutamie acid stored inside the cell. 
This was a property found associated with enterococci and all the sulfathiazole- 
resistant strains tested, but not with the viridans streptococci. It appears that 
any treatment of viridans streptococci which brings about a considerable in- 
erease in resistance to sulfathiazole also brings about a change in properties, 
so that the organism resembles an enterococeus. A similar change in properties 
of two strains of Str. salivarius to those of enterococci has been reported by 
Klein and assoeciates'® (1950) when the streptococci were grown in the presence 


of high concentrations of p-amino-benzoie acid. 


SUMMARY 


Reduction of 0.1 per cent methylene blue milk, and growth on 40 per cent 
hile agar, in 6.5 per cent NaCl] broth, in broth at 45° C., in sulfathiazole broth 
(10 mg. per milliliter), and in penicillin broth (2 units per milliliter), were 
the biochemical tests which correlated best for differentiating the viridans 
streptococci from the enterococci. 

The enterococci are more resistant in vitro than the viridans streptococci 
to sulfathiazole, penicillin, streptomycin, aureomycin, and bacitracin. The 
enterococci are susceptible to low concentrations of aureomycin and bacitracin. 
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Cross-resistance was found in most of the trained resistant strains to all 
of the agents. All of the trained sulfathiazole-resistant strains were consider 
ably more resistant to penicillin, and all the trained penicillin resistant strains 
were highly resistant to sulfathiazole. There was less cross-resistance to strep 
tomycin, and streptomycin-resistant trained strains showed less resistanee to 
the other agents. 

Aequisition of high resistance to sulfathiazole, whether by training in 
sulfathiazole or in other agents, Is accompanied by a change of properties to 
those resembling an enterocoecus. Only one of six streptomycin-resistant 


variants aequired these properties. 
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DISTRIBUTION AND ANTIBIOTIC SENSITIVITY IN FIFTY-FIVE 
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A“ ING clinicians it is frequently assumed that Friedlander’s bacillus 
(Klebsiella pneumoniae) is found almost exclusively in upper respiratory 
infections. In our studies this organism has been isolated from many sources 
other than the respiratory tract. 

The susceptibility of this bacillus to antibiotics also shows a definite sensi- 
tivity trend not always appreciated. 


MATERIALS AND METHODS 


Source of Cultures.—The strains of Wlebsiclla pneumoniae included in this study were 
isolated from clinical specimens from fifty-five different hospitalized patients during an 
eighteen-month period. Although other strains of Friedlander’s Bacillus were isolated during 


this time, only those strains are included for which in vitro antibiotic sensitivities were de 


termined as part of the diagnostic laboratory studies. 
Respiratory tract infections furnished 54.5 per cent of the Friedlander’s 
cultures, while a wide variety of nonrespiratory infections accounted for the 


remaining 45.5 per cent (See Table 1) 


TABLE | 
SOURCE NO. OF SPECIMENS PER CENT OF TOTAI 
Respiratory 
Sputum 21 38.2 
Bronchoseopiec examination S 14.5 
Throat culture l 1.8 
54.5 
Nonrespiratory 
Abscesses and wounds 11 20.0 
Urines 10 18.3 
Osteomyelitis } (f- 
15.3 
Totals 55 100 


Identification of Klebsiella Strains.—The original identification of the organism was 
based on morphologic and cultural characteristics typical of the Friedlinder’s group. Colonies 
were usually wet, viscid, or mucoid, and contained encapsulated gram-negative bacilli with 
biochemical reactions of the coli-aerogenes group. The organisms varied in their ability to 


ferment carbohydrates and to utilize citrate, but all strains were nonmotile and failed to pro 
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duce indole from tryptone broth. With a few exceptions the cultures gave negative re 
action to the methyl red test and were Voges-Proskauer positive. Wherever possible the 


strains were also identified serologically. 

Throughout the period of this study, sera were available for types A, B, C, and D, but 
it was only during the last few months that sera for types E and F were prepared.* It is 
quite possible that some of the earlier cultures, which had failed to react in the sera available 


at that time, may have belonged in types E or F. 


The trequency of occurrence of the various serological types among the 


fifty-five strains under investigation is shown in Table IT. 


TABLE II, SEROLOGICAL DISTRIBUTION 


SERO-TY PE NO. OF STRAINS PER CENT 
\ 16 29 ] 
B 9 16.4 
C 8 14.5 
D 9 16.4 
E 1.8 
F l 1.8 
Undetermined 1] 20.0 
Total 55 100.0 


Only slight relationship was noted between the Friedlander’s sero-type 
and the source of the specimen from which the organism was isolated. All 
four strains isolated from cases of osteomyelitis proved to be type A. Wounds 
and abscesses showed a slight predominance of types A and B. Urinary and 
respiratory specimens produced a heterogeneous mixture of all sero-types. 

Sensitivity of Friedlander’s Bacillus to Antibiotics.—In vitro sensitivities were deter 
mined by the agar plate method. Varying concentrations of the antibiotic drugs were in 
eorporated in Streptomycin Assay Agar (Difco), adjusted to pH 7.4. All organisms were 
tested against penicillin, streptomycin, aureomycin, and chloromycetin. The following anti 
biotic concentrations were used: 1 unit per milliliter,t 5 units per milliliter, 10 units per 
milliliter, 30 units per milliliter, and 100 units per milliliter of agar. The plates were inocu 
lated with six-hour broth cultures of the organism being tested, and were examined for macro 
scopic growth after overnight incubation at 37° C, Organisms were reported as being sensi 
tive at the lowest concentration which completely inhibited growth, or as ‘‘not sensitive at 100 
inits per milliliter’’ if growth occurred on all test plates. The results of these studies are 
shown in Table IIT. 

The insensitivity of most strains of Friedlander’s bacillus to penicillin 
has been frequently reported. In this series of fifty-five organisms, thirty-two 
strains, or 58.3 per cent, were not sensitive to penicillin at a concentration of 
100 units per milliliter. Forty-seven strains, or 84.5 per cent, required a con- 
centration of 10 units per milliliter or higher to inhibit growth. Only one 
strain was sensitive at 1 unit per milliliter of penicillin. 

In marked contrast is the reaction observed in the response of the organ- 
isms to streptomycin. Only three strains, or 5.4 per cent, were insensitive 
at 100 units per milliliter; and only four strains, or 7.2 per cent, required over 
10 units per milliliter to inhibit growth. Thirty-five strains, or 63.7 
were sensitive at a concentration of 1 unit per milliliter of streptomycin. 


per cent, 


*Cultures of Klebsiella types EF and F were obtained from Dr. P. R. Edwards, U.S.P.H.S., 
Atlanta, Ga 
‘Unit 1 unit of penicillin or 1 wg of streptomycin, aureomycin, and chloromycetin. 
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TABLE JIT. IN VITRO SENSITIVITY OF FIFTY-FIVE FRIEDLANDER’S CULTURES 


CHLORO 


PENICILLIN STREPTOMYCIN AUREOMYCIN MYCETIN 

NO. OF PER NO. OF PER NO. OF PER NO. OF PER 
STRAINS! CENT |STRAINS CENT |STRAINS| CENT |STRAINS} CENT 

Not sensitive (@ 100 u./ml.* 32 58.3 3 5.4 7 12.5 0 0 
Sensitive @ 100 u./ml. 6 10.9 0 0 5 9.1 5 9,] 
Sensitive @ 30 u./ml. 7 eH | l 1.8 16 29.1 12 21.8 
Sensitive @ 10 u./ml. 2 3.6 3 5.4 12 21.8 8 14.5 
Sensitive (a 5 u./mi. 7 2.7 13 23.7 11 20.0 16 29.1 
Sensitive (a 1 u./ml. l 1.8 35 3.7 { (fe 14 20.5 
6 "el. l unit of penicillin or i microgram of streptomycin, aureomycin, and chloromy 

cetin, 


The response to aureomyein and chloromyeetin was not as dramatie, but 
this study indicates that chloromycetin is the more effective of the two. None 
of the strains was completely insensitive to chloromycetin, while thirty strains, 
or 54.6 per cent, were sensitive at less than 10 units per milliliter. Aureomyein 


was found to be slightly more effective than penicillin. 


DISCUSSION 


We have no way of determining whether insensitivity to penicillin was 
inherent in the organisms, or whether resistance was acquired as a result of ex- 
posure to that antibiotic. The latter may be true in some eases, as many patients 
had received penicillin therapy prior to identification of the Friedlander’s 
bacillus as the causative organism. 

While this paper is primarily a report on laboratory data, clinical records 
show that the response of many [riedlinder’s pneumonia patients to strepto- 
mycin was immediate and dramatic. The chief obstacle to treatment seemed to 
be the tendency of the organism to abscess formation. This tendeney ap- 
parently prevents complete access of the antibiotic to the organism. This was 
shown in several cases where the organism reappeared in the sputum, and was 
still sensitive in vitro, after streptomycin therapy was discontinued. 

There was no relationship observed between antibiotic sensitivities of the 
organisms and serological type, nor between sensitivity and elinical source 
from which the Klebsiella strain was isolated. 


SUMMARY 


While Friedlinder’s bacillus is frequently regarded as primarily a respira- 
tory organism, we have found that 45.5 per cent of a series of fifty-five Fried- 
linder’s strains isolated from clinical material came from other than respira- 
tory infections. Osteomyelitis, abscesses, and wound strains were pre- 
dominantly sero-types A and B. Organisms recovered from urinary and 
respiratory specimens were serologically identified in six sero-types. 

In vitro sensitivities by the agar plate method showed that most strains 
of Klebsiella pneumoniae were exceedingly sensitive to streptomycin and quite 
resistant to penicillin. Chloromycetin was more effective than either aureo- 
mycin or penicillin, but less effective than streptomycin. 
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There was no correlation between serological type, eliniecal source of 


culture, and the in vitro sensitivity to antibioties. 
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INTRAVASCULAR DISTRIBUTION OF NA** INJECTED 
INTRAVENOUSLY IN MAN 
Louis Bakay, M.D.,* BerTRAM SELVERSTONE, M.D... AND 
WittiAmM H. Sweet, M.D. 
30STON, Mass. 


-_ igeeigienantin isotopes are being injected for investigative and therapeu- 
tie purposes into the blood stream of man with inereasing frequency. 
Knowledge of the rate of mixing of these substances throughout the various 
portions of the blood stream itself would appear to be helpful if not actually 
prerequisite to determining rates of transfer out of the blood into other fluids. 
Our own interest in the problem is associated with our efforts to determine 
rates of formation of the various constituents of cerebrospinal fluid. To this 
end it appeared useful to learn the elapsed time from intravenous injection 
into the arm of a single dose of 5 to 30 ml. containing radioactive isotopes until 
complete mixing had occurred throughout the major vascular channels of the 
hody. 
METHOD 


Experiments on mixing time in the major vascular channels were performed on seven 
volunteer patients, all of whom were suffering from extensive neoplasms. All but two of the 
patients lay quietly or even motionless throughout the period of withdrawal of the samples 
which extended from twenty to ninety-five minutes from the time of injection. In six of the 
patients the dosage of Na24 varied from 185 to 230 me, in 6 to 15 ml. of normal saline; the 
fluid was injected in five to ten seconds. In the seventh patient (data not in figures) 143 me. 
were injected in 27 ml. during twenty-six seconds. A superficial vein near and usually above 
one elbow was used in each case. Prior to the injection of isotope, Cournand or ordinary 
needles were placed in one or more veins, and numerous samples—up to 150—were withdrawn, 
usually without stasis preceding the removal of the samples. The beginning and the end of 
the withdrawal of each sample was recorded, and the mean time was used for the plotting. In 
order to obtain and time so many samples in a few minutes, a team of six or eigth people 
Was required. The vessels sampled have included the carotid and femoral arteries, the femoral 
veins, superficial veins from the upper limb as far proximal as the antecubital fossa, and 
similar veins from the lower limb as high as the knee. The concentration of Na24 in each of 
the samples of serum, 0.2 ml. in size, was assayed in duplicate or quadruplicate. The samples 


were centrifuged and 0.2 mi. of the venous blood plasma and 0.1 to 0.2 ml. of the capillary 


plasma was pipetted into aluminum planchets onto microscopic lens paper cut to the size of 
the planchet. The fluid spread evenly on this paper, and symmetrical distribution was thus 
assured. The samples were completely dried and immediately counted by sealers and Geiger 
Mueller tubes. To minimize the counting errors all of the plasma samples were counted on 
two different sealers. After a correction tor the time of physical decay, additional counts 
were made if the discrepancy between the two original counts was greater than 10 per cent 


to make sure that those which varied more than 10 per cent from the curve were reliable. We 
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considered it important to expend the utmost care on every sample since points which fell a 
substantial distance from the main curve could not be discarded, the very purpose of the 
study being to try to ascertain if such points occur as evidence of incomplete mixing. Ac 
cordingly, no datum has been thrown out, and our charts record every count made. Figures 


give the full results for five of the seven cases. 


RESULTS AND DISCUSSION 


The mixing time of an electrolyte after intravenous injection in man 
was studied by Flexner and associates! in three normal pregnant women, They 
took their blood samples from the veins of the two arms, and assumed that 
mixing was complete when the Na** from the two sides was equal. On this 
hasis they computed mixing times of eight, twelve, and thirteen minutes, re- 
spectively, in their three subjects. Flexner, Cowie, and Vosburgh,’ in their 
discussion, which summarizes their many valuable pioneering contributions, 
point out that accurate figures in the early parts of the curves “from 2 to 3.5 
minutes after injection as well as later values are essential for determining the 
rate at which plasma sodium crosses the capillary wall.’’ They assumed that 
the average of the concentrations after two minutes in the two arms was for 
the purposes of their computations ‘‘not significantly different than the value 
which would have been obtained had mixing been rapidly completed.’’ 

Gellhorn, Merrell, and Rankin? coneluded that the mixing of Na** was 
complete at one-half minute after intravenous injection in the normal dog, 
having found the concentration of radioactivity present in the arterial and 
venous plasma to be equal in all samples at that time. Bureh, Reaser, and 
Cronvich,® injecting radiosodium in small quantity (0.5 to 2 ml.) quickly into 
the antecubital vein in the opposite arm, found that the diffusion of Na** 
through the capillary wall is so rapid and the blood circulation is so slow that 
adequate mixing does not take place until after a considerable amount of dif- 
fusion oecurs. The Na** concentration in the blood during the first few min- 
utes after injection showed ‘‘a marked variation’’ from both sides of a smooth 
eurve; this was attributed in large part to inadequate mixing. On the basis 
of this criterion, the rate of mixing varied from one individual to another; in 
some cases it was rapid, in others it lasted as long as ten minutes. According 
to Fauvert and Loverdo,’ the average mixing time in human beings is about 
five to ten minutes, as determined from the concentration curves of the 
femoral artery and vein. It can be prolonged up to twenty to thirty minutes. 
On the other hand, it was quite rapid (less than five minutes) in a few eases. 

We have taken a somewhat rigid criterion of complete mixing—that no 
point shall exceed a 5 per cent difference from the value at that time ascer- 
tained from the best smooth curve through all of the points. This allows us 
little margin for experimental error. In fact, however, inspection of the curves 
shows that the overwhelming majority of the values fall within 2 per cent of 
the curve, and that the mixing of intravenously administered Na*‘ in the ar- 
terial blood is exceedingly rapid; it is complete within one minute in the major 
arteries in man. This finding indicates, among other things, that arterial 
blood samples are the most suitable for mathematical analysis of the diffusion. 
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We have found the mixing time in the veins to be variable and, generally 
speaking, more rapid in the veins of the upper extremity than in those of the 
leg and foot, where it was sometimes very sluggish indeed. In the veins of 
the arm the concentration of radiosodium was usually equal or nearly equal 
to that in the arteries within a few minutes. In the veins of the lower ex- 
tremities, however, the concentration remained persistently low—as late as 
twenty to forty minutes after injection—in three cases (Figs. 1 and 2). A 
likely explanation of this phenomenon is the particularly sluggish cireula- 
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Fig. 1.—Vigorous 45-year-old man, no evidence of circulatory or motor weakness; all 
arterial samples fall on almost the same curve from start to finish. Complete mixing in 
arterial blood stream within one minute; in superficial vein of forearm at ten minutes. Grossly 
incomplete mixing at sixteen minutes in vein of foot. 


tion in the lower limbs of the patients who were partially paralyzed or mori- 
bund. In Case 1 (Fig. 1), however, with normal circulation, motor power, and 
general vigor, the mixing time in the superficial leg vein was still greatly pro- 
longed. It is interesting that patient J. F. (Fig. 5), who was moving his limbs 
vigorously throughout the entire procedure, had practically complete mixing 
of the isotope in the veins of the lower as well as the upper limbs within one 
minute. These two patients are particularly important in demonstrating that 
a person appearing to have normal strength and energy may have a highly 
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sluggish circulation in his leg veins when the legs are lying quietly, whereas 
active exercise of these limbs brings the venous circulation rate and mixing 
time here virtually abreast of that in the arteries. Once more the efficiency 
of exercise speeding the circulation and presumably in the prophylaxis of 
thrombosis is shown. As we shall see, the diffusion of the radiosodium through 
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Fig. 2.—-kmaciated 62-year-old man, with oral carcinoma, grossly apathetic following 
frontal lobotomy; despite motionless torpor, strikingly rapid mixing in veins of both forearms 
and carotid artery, still incomplete mixing in pedal vein after forty minutes 


the capillary walls is very rapid, and, even when the circulation is normal, 
some loss of sodium into the extravascular space occurs before mixing in the 


whole vascular bed is complete. In the legs of motionless human bodies, this 


factor is exaggerated, and may partially account for the lower concentration 
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of Na** in the veins of the legs and feet. Furthermore, objective evidence has 
heen provided that the rate of sodium ciearance is considerably lower when 
the circulation is grossly impaired as in patients with congestive heart failure 
(Bureh, Reaser and Cronvich*), as well as in dogs with untreated traumatic 


shoek (Gellhorn, Merrell and Rankin?) 
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Fig. 3.—58-year-old man, comatose with left hemiplegia; low, slowly rising straight 


line for samples from right forearm, seen in no other curves from an upper limb, probably 
correlated with numerous intravenous injections there which had left a number of hematomas 


ind thromboses. 


Sluggish circulation in the legs may be only partially responsible, how- 


ever, for the diserepaney of blood-concentration curves in some of our pa- 
tients. The Na?! concentration can be due to: (1) different degrees of arteri- 
olar constriction, (2) different rates of exchange of sodium in the eapillary 
system of different limbs, or (3) differing rates of afferent circulation in the 


‘apillaries and/or veins thereof, and, finally a combination of these factors. 
‘rom our data, the relative importance of any one factor is not ascertainable 


in every instance. 





different types. 


The low econeentration curves in the veins of the lower extremities are of 
One type shows a rather rapid rise in concentration, reach- 
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ing a peak within a few minutes of the injection and then falling gradually, 
following a course parallel to the curves of the remaining veins, but on a 























lower level. This is the case in patient E. Z. (Fig. 2 Sueh a curve may 
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Fig. 4.—65-year-old man, with malignant glioma and right hemiparesis; late high level 
of curve for right arm suggests local contamination from the site of injection 6 inches more 
rostrally; points from left leg veins so widely scattered it did not appear fruitful to draw 
a line to represent them, i.e., markedly incomplete mixing 


indicate that unlabeled sodium is flowing steadily into the main stream of the 
afferent circulation from the extravaseular fluid and/or blood pooled in stag- 
nant veins. 

There are other eases (Figs. 3 and 4) in which the concentration eurve 
of some of the veins rises fairly rapidly and reaches a peak within five to ten 
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minutes; thereafter the concentration remains about the same as that in ar- 
terial blood, a phenomenon one ean account for by delay in the mixing of Na?! 

Finally other curves of low concentration are different, rising steadily 
hut more slowly, without any demonstrable peak, and tending to reaeh an 
equilibrium with the other vessels, but only after a protracted period of time. 
A 200d example is the curve of a foot vein in patient kK. T. (not figured) in 
Which from five to twenty minutes the concentrations lay on a slowly rising 
plateau about 20 per cent of the arterial blood level at twenty minutes. This 
patient had blue, cold feet, and extremely low oscillometri¢ readings, pointing 
to extreme vasoconstriction in the presence of good posterior tibial pulses. In 
such a patient we have tentatively assumed that vasoconstriction results in an 
unusually parsimonious flow into the capillary bed superimposed upon the 
other previously described factors operating in the lower limbs and vielding 
a corresponding excessive prolongation in the mixing time. 

Parallel but not superimposing curves for the veins of the two arms oe- 
curred not only in patient A. M. (Fig. 4), but also in one other patient not 
figured. In each case into the limb with the higher values the injection was 
made at a point rostral to all subsequent sampling, and there was no visible 
extravascular injection, vet the results suggest persistent contamination. 

Our curves were also used to determine the rate of transcapillary ex- 
change of sodium in our patients. Previous workers (Gellhorn, Merrell, and 
Rankin,’ Burch, Reaser, and Cronvich,* Flexner, Cowie, and Vosburgh,' and 
others) agreed that the analysis of the curves of concentration of Na** in 
human blood after intravenous injection indicates that two or more rates of 
diffusion are involved. 

We owe-to Gellhorn, Merrell, and Rankin? two of the basie equations in- 
volved in the treatment of such data. The curve of disappearance of Na*! 


from the human plasma ean be described by the following equation : 
>, Woe ae a,e"" ae?! 


where Cy represents the concentration of radiosodium in the plasma at time t, 
and C., equals the Na** concentration in the blood when equilibrium is reached. 
The plot of concentration against time yields at first a declining curve which 
later becomes virtually a straight line; the concentration at the first part of 
the straight line portion is taken as C,.,. The logarithm of the value C; — Co, 
is plotted against time. When this is done (Fig. 6), the later points fall on a 
straight line B., but the earlier points lie at progressively higher values above 
this line. If now the difference between each earlier value and the extra- 
polated value of B. at the corresponding time is similarly plotted, all but the 
earliest points fall on the straight line B,. The values of a, and a, are given 
respectively by the intercepts at t = O of lines B, and B.. The values b, and 
bo, the rate constants in that equation, are obtained by multiplying the slopes 


of B, and B, by 2.3. 
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The other equation determines R,, the rate of exchange ot Na** between 


the plasma and the extravaseular fluid ; 


ab, ab. 

CU, 
(‘,, being the concentration in the plasma at O time. 

According to Burch, Reaser, and Cronvich,’ the rate of turnover in normal 
human beings is 32 per cent (58 per cent for the fast and 6.4 per cent for the 
slow component), and in pregnant women 78 per cent (64 per cent in area A 


and 14 per cent in area B) (Flexner, Cowie, and Vosburgh'). 
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Fig. 5.—25-yvear-old man, hyperactive, moving all four limbs energetically throughout 


entire period of sampling; the only instance in which samples from foot superimposable on 
those from arms from first minute onward. 


When, however, our data in such instances as patient E. Z. are treated 
in this fashion, the value for one minute which should fall on line B, actually 
lies far above it, indicating that there is a third process occurring at a still 
more rapid rate, and that a third line B, must be drawn to assist in evaluating 
this. This has been computed by using as the value at zero time the number 
of counts per 0.1 ml. plasma injected minus a, and a. (the values for the two 


slower processes at zero time). The one-minute value of B, is ascertained by 
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subtracting from the observed coneentration at this time the values read off 
from the lines B, plus B., which becomes: 
Si “Sy ~BeDs 

( 
where a, and by, are, respectively, the values at zero time and the slope of 
I, and the other terms have the same significance as in equation 2. The total 


rate of exchange R, equals the sum of the three individual rates indicated by 
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Fig. 6.—Graphie analysis of the carotid curve of Fig. 2. 


the three lines which in patient E. Z. were 55 per cent, 9 per cent and 2 per 
cent, totalling 66 per cent. Similarly, when the data from patient J. F. are 
treated by this graphic method, we find again that the one-minute value falls 
above line B,, and that a third much faster rate deseribed by line B, must be 
included, with the result that the three rates are 150 per cent, 10 per cent, 
and 0.2 per cent, totalling 160 per cent, the proportion of the total radiosodium 
in the plasma exchanged per minute with extravascular sodium. It is striking 
that the lower rate 66 per cent was obtained in a patient who lay motionless 
in a state of torpor, whereas the faster rate 150 per cent occurred in the 
patient whose activity was excessive at the time of study. Since our analysis 
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was finished, we have found similar results recorded by Fauvert and Loverdo,' 
again with a first very rapid rate ascertained in the first one to two minutes. 
We should point out that our curves have indicated that the rapidly cireulat- 
ing and mixing portion of the plasma volume is less than the total plasma 
volume by at least a part of the plasma in the lower limbs of a resting in- 
dividual. If in such a person the concentration at zero time of injected Na*! 
should be computed on the basis of the smaller actively circulating plasma 
volume, then ©, would be even higher and the rate of the most rapidly oe- 
curring processes would he caleulated to be even faster than we have found 
in case E. Z. Possibly the inclusion of the blood in the lower limbs in the 
rapidly circulating stream in patient J. Ff. aecounts along with his many more 
open capillaries for his mueh faster rate of transeapillary exchange of sodium. 
When we compare the analyses of these two curves of ours with those of 
lexner, Cowie, and Vosburgh, we find that their line B. passed through all 
the points after the first four minutes, leaving only the small part of the curve 
prior thereto for the single taster rate they noted. In both of our patients, 
KE. Z. and J. I.. and line B. passed through the points C,—C,, only after 
the first thirteen to fourteen minutes. There were then many more points left 
to ascertain the precise direction of the line B, so that one could be assured 
that the one-minute point lay well above this line. 

In the remaining three patients, C. B., A. M., and N. G., two rates de- 
scribed the data. These were respectively 33 per cent (A, 27 per cent; B, 6 
per cent), 56 per cent (A, 48 per cent; B, & per cent), and 39 per cent (A, 
2 per cent; B, 7 per cent 

This method of solution which leaves a certain latitude in the selection of 
points through which to draw the lines is, of course, widely recognized as an 
arbitrary one. There may be numerous rates of exchange concerned which tend 
to be obscured by this graphie form of analysis, and the processes measurable 
only in the first minute or two are especially difficult to quantitate because 
of errors arising from poor mixing. It would appear to us that the best results 


require assay of many arterial samples during this early phase. 


SUMMARY 


Following the intravenous injection of a few eubie centimeters of a solution 
of Na®#Cl, the sodium is completely mixed in the major arteries to limbs and 
head in man in less than a minute. 

Gross variations occur in the time for venous coneentrations to attain those 
in the arterial blood. The superficial veins of the feet and legs lag markedly 
hehind those of the upper limbs unless the individual is vigorously active. 
Sluggish circulation accompanied by the flow of unlabeled sodium from the 
extravascular fluid and/or blood pooled in stagnant veins markedly delays 
mixing. This may | 


e associated either with a motionless state, multiple local 
thromboses, or vasoconstriction, 
When rates of transeapillary exchange of electrolytes are to be studied, 


many early arterial determinations are desirable, since one ean be certain of 
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complete mixing before the first minute only in these vessels, and the more rapid 
of the various rates of exchange are so fast that they may be missed by analyses 
of later data. We suggest that three rather than two rates of exchange o1 
Na*! per minute may more nearly describe the processes occurring normally. 
Such rates in a motionless stuporous man were 55 per cent, 9 per cent, and 2 
per cent, and in a powerfully moving person were 150 per cent, 10 per cent 
and 0.2 per cent. 

We are deeply indebted to Dr. Charles V. Robinson for his indispensable assistance in the 


mathematical treatment of the data herein presented, 
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URINARY EXCRETION OF CHLOLINE AND TRIMETIHYLAMINES 
AFTER INTRAVENOUS ADMINISTRATION OF CILOLINE 
IN LIVER DISEASES 
J. DE LA Hvercsa, M.D.,.* Hans Popper, M.D., PH.D., ann 
KF REDFRICK STEIGMANN, M.D. 


CHICAGO, ILL. 


REVIOUS investigations! have indieated that approximately 65 per cent 

(expressed on nitrogen basis) of choline ingested by normal subjects is ex 
ereted in the urine in twenty-four hours as trimethylamine and its oxide, whereas 
ittle, if any, choline appears in the urine. The urinary excretion of trimethy! 
amines can be significantly depressed by preceding antimicrobial treatment. 
Since some intestinal bacteria are known to transform choline into trimethiv] 
amine,** the urinary trimethylamines were considered to be produced by in 
testinal bacteria from ingested choline.’ * The urinary excretion of trimethyl! 
amines is depressed in patients with liver diseases which was interpreted as 
evidence of an altered bacterial flora or action in these conditions. To provide 
additional evidence that significant trimethvlamine formation from choline does 
not oecur in blood or tissues, the urinary excretion of choline and trimethv1 
amines following intravenous administration of choline was studied. This was 
done to provide information as to alterations of the choline utilization in liver 
diseases. Such alterations had been indicated by phospholipid turnover studies 
with P**.® 

The few previous reports about intravenous choline administration did 


not concern the urinary excretion of choline or its metabolites. 


MATERIAI AND METHODS 


filtered. The filtrate was 


Commercial choline chloride was dissolved in ethanol and 
ice-cooled, and the choline chloride precipitated by eold ether and collected on a_ sintered 
glass filter. The crystals were dried in vacuum. <A sterilized solution containing 1.15 Gm. of 
choline chloride (equivalent to 1 Gm. of choline base) per 10 ml. was diluted with 500 mi. 
of isotonie glucose solution. It was injected intravenously over a period of one hour to 


forty-three patients suffering from hepatobiliary or renal diseases, and to a control group 


of ten patients without known involvement of the liver or kidney. In seventeen cases, 20 ml 
of the solution (2.30 Gm. of choline chloride) were diluted with 1 liter of isotonie glucose 
solution and injected over a period of two hours. sefore all injections the patients drank 
500 ml. of water. All injections were well tolerated. Ovcasionally flushing occurred, but 


significant side reactions were never observed, 
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In seven cases the injection was repeated following two weeks of daily oral administra 
tion of 5.5 Gm. of choline base (in the form of gluconate)” in three divided doses. In two 
controls and two patients with hepatic disease following intravenous administration of 1.15 
Gm. of choline chloride the same dose was eiven oraliy and the excretion of choline and 
trimethylamines was determined at various intervals. Urines were collected under hydrochloric 
acid for the twenty-four hours preceding the injection. Starting at the time of injection, 
the urines were collected from zero to three hours and from three to twenty four hours. 
In the ceases receiving 2.30 Gm. of choline chloride the urines were collected from zero to four 
hours (to allow for the extra hour of injection time) and from four to twenty-four hours. 
ollowing previously published procedurest the total trimethylamines were determined after 
reduction with Devarda’s allov and aeration; the aerate was then treated with Reinecke salt 
solution. Choline was determined as the reineckate precipitable at an alkaline pH. 

In order to identify the reineckate precipitated from alkalinized urines it was dissolved 
in 00 per cent acetone and precipitated with silver sulfate and hydrochloric acid.1 The 
residue was dissolved in water and the ervstals formed after adding Reinecke salt,11 iodide 
reagent,!12 phosphotungstie acid,13 and gold chloride had the same microscopic appearance as 
pure choline chloride similarly treated. The melting point of the aurochloride was identical 
with the one obtained from pure choline chloride (257-262? C.).1¢ ‘The reineckate after acid 


digestion was free of phosphorus, thus excluding the presence of phosphorylcholine. 
RESULTS 
Intravenous administration of choline led to urinary excretion of choline 
mainly within the first three hours after the beginning of the injection, whereas 
the urinary total trimethylamines excretion rose only slightly or not at all 
(Table 1). In contrast, oral administration of the same amount of choline 
produced hardly any urinary choline exeretion; the urinary total trimethyl- 


TABLE T. URINARY EXCRETION OF TOTAL TRIMETITYLAMINES FOLLOWING INTRAVENOUS 
INJECTION OF 1.15 GM. OF CHOLINE CHLORIDE 


PRIMETHYLAMINES EXCRETION IN MG. N PER HOUR 
rr Ae 
PRECEDING 24 0-9 o— 24 
DIAGNOSIS HOUR PERLOD HOURS AFTER INJECTION 
Fracture 0.540 0.770 0.510 
Fraeture 0.350 0,429 0.320 
Recovering pneumonia 0.250 0.350 
Recovering pneumonia 0.460 0.760 0.520 
Recovering pneumonia 0.580 0,220 0.560 
Peptic ulcer 0.650 0.330 
Degenerative arthritis 0.630 0.480 
Psvcehoneurosis O.3S0 0.650 0.550 
Obstructive jaundice 0.260 0.270 0.530 
Obstructive jaundice 0.530 0.320 
Hepatitis 0.510 0.600 0.430 
Hepatitis 0.300 0.510 0.260 
Hepatitis 0.440 0.520 0.470 
Hepatitis 0.510 0.570 0.560 
Hepatitis 0.550 0.700 0.540 
Hepatitis 0.400 0.600 0.430 
Cirrhosis O.380 0.370 0.410 
Cirrhosis 0.3520 0.3570 0.540 
Cirrhosis 0.500 0.770 0.380 
Cirrhosis O.3B80 0.650 0.530 


*Thanks are due to Commercial Solvents Corporation for the generous supply of ma- 


terial used. 
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amines, however, rose in the six- to twelve-hour period after the intake. This 
was found in normals as well as in patients with liver diseases, although in the 
latter the trimethylamines excretion after oral intake was reduced and delayed 
as previously reported! (Fig. 1 The exeretion of trimethylamines rose slightly 


in three of seven patients. each of whem received 2.30 Gm. of eholine ehloride 
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Fig. 1.—Urinary excretion of choline ( ) and total trimethylamines ( ) fol- 


lowing oral and intravenous administration of 1.15 Gm. choline chloride to two control patients 
(suffering from frac.ures), one patient with acute infectious hepatitis and one patient with 
cirrhosis with jaundice 


intravenously. This rise oecurred between four and twenty-four hours (Table 
Il). After the intravenous administration of 1.15 Gm. of choline chloride, the 
urinary choline excretion varied from 1.20 to 26.90 mg. choline nitrogen in the 
firsi three hours and from 0.18 to 2.80 mg. between three and twenty-four hours. 
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In the first three-hour period significant variations were noted in different dis 


2). The controls exereted during the first three hours an average 


eases (Fig. 
of 10.56 mg. choline nitrogen or 9.18 per cent of the injected dose. In contrast. 
patients with acute infectious and toxie hepatitis excreted significantly more 
(an average of 19.78 me., corresponding to 17.20 per cent). In patients with 
obstructive jaundice or with cirrhosis (most of them aleoholic), the amount 


exereted varied more than in the controls, but the means did not differ sienifi 


cantly from the controls, 
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Fig. 2.—Urinary excretion of choline during the first three (four hours if 2.30 Gm. choline 
chloride had been given) hours after the start of an intravenous injection of choline. The lines 
connect the values obtained before and after daily treatment with 5.50 Gm. of choline for two 
weeks. 


Oral treatment with choline in patients with cirrhosis or obstructive jaundice 
altered somewhat the urinary choline excretion. However, this was not con- 
sistently in one direction, and it is questionable whether this alteration can be 
attributed to the treatment (Fig. 2). In patients with renal diseases the 
urinary choline exeretion was Jower than in the controls, but in one case of 
renal failure occurring in obstructive jaundice this was not noted. In patients 
with renal failure the excretion was somewhat delaved; more was excreted than 
in normals in the period from three to twenty-four hours. 
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Might control patients excreted 19.4 to 27.7 me. of choline nitrogen in the 
first four-hour period after administration of 2.30 Gm. of choline chloride. This 
corresponds to a mean of 10.2 per cent ot the dose eiven. In two eases of acute 
hepatitis 36.7 and 35.8 mg., and in five cases of cirrhosis 13.6 to 29.7 meg. of 
choline nitrogen were eliminated. Another patient with severe hepatic insuf- 
ficiency who died a few days later (but without renal insufficiency) excreted 
only 3.72 me. of choline nitrogen. The urinary choline excretion and its marked 
elevation in acute hepatitis could not be correlated with bilirubinemia nor with 
the results of hepatic tests such as cephalin flocculation, thymol turbidity, serum 
phospholipids, or the cholesterol esters/total cholesterol ratio. It was also 
not related to the volume of urine exereted nor with its specific ora ity. Patients 
with low urinary choline excretion did not have more azotemia than those with 
high exeretion. In twenty-seven cases, the serum fipid phosphorus failed to 


change twenty-four hours after the choline injection, 


TABLE TI. URINARY EXCRETION oF TOTAL TRIMETHYLAMINES FOLLOWING INTRAVENOUS 
INJECTION OF 2.50 GM. CHOLINE CHLORID] 


PRIMETHYLAMINES EXCRETIGN IN MG. N PER HOUR 


() } t 24 
DIAGNOSIS HOURS AFTER INJECTION 

Fracture 0.380 0.270 
Fracture 0.360 0.830 
Fracture 0.410 0.430 
Psvchoneurosis 0.430 0.580 
Psvehoneurosis 0.580 0.850 
Hepatitis O.510 L110 
Cirrhosis O.300 O.470 


DISCUSSION 


Intravenous administration of choline does not, as a rule, significantly alter 
the basal urinary exeretion of trimethylamines. This observation is an added 
support of the opinion previously expressed that the urinary trimethylamines 
result mainly from the action of intestinal bacteria Upon eholine, and not from 
transtormation of significant amounts in the tissues. Liver slices are able to 
transform small amounts of choline into trimethyvlamines.’” The small increase 
in the trimethyvlamines excretion in the first three hours and the slightly higher 
increase in a few instances in which 2.30 Gm. of choline had been given could be 
explained by such hepatie action. An exeretion of choline into the intestine after 
intravenous administration of a large dose could also explain this finding; the 
excreted choline could be transformed there to trimethvlamine. 

These findings support also the conelusion previously made that the redue 
tion of the trimethvlamines excretion observed in liver diseases reflects a dift- 
ferent bacterial activity in the intestine since the liver or other tissues eannot 
produce the large amounts of trimethylamines found in the urine. 

The control patients lose approximately 9 per cent of intravenously adminis. 
tered choline in the urine; in acute hepatitis, almost twice that much is lost. 
An explanation for this observation is difficult. Impaired utilization of choline 
in acute hepatitis would be an obvious explanation, however, patients with cirrho- 
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sis excrete approximately the same amount as controls. In the cases of cirrhosis 
studied the degree of hepatic injury was not milder than in acute hepatitis, to 
judee from the results of the hepatie tests. Renal damage could be considered 
as the cause of the relativels low excretion in cirrhoties in view of the fact 
that the urimary exeretion of choline upon intravenous administration was 
reduced in severe renal failure with marked azotemia. However, no azotemia 
was found in the cases of cirrhosis with normal or low excretion. Moreover, 
a case with azotemia revealed normal excretion. One could possibly consider 
that a reduced ability to utilize choline in liver damage may be compensated for 
in cirrhosis by a choline deficiency with a tendency for increased utilization of 
a large dose of choline. The latter possibility would be in keeping with the 
observations on phospholipid turnover after administration of PL®, & t% 7% ™ 
Ingestion of a large dose of choline or methionine in cirrhotics has been shown 
to result in a turnover even ereater than in normals.° Most of the cirrhoties 
studied were aleoholies in whom a nutritional detect and some degree of fatty 
liver can be assumed. The influence of choline deficiency in liver damage could 
account for the apparent discrepaney between acute hepatitis and cirrhosis and 
for the wide range of amounts excreted in liver diseases. 

In the control patients after intravenous administration less than 10 per 
cent of the choline given is lost in the urine. This is quantitatively far less 
significant than the approximately 65 per cent lost in the intestine after oral 
administration. This still holds true in acute hepatitis where the mean urinary 
loss rises to 17 per cent of the dose given intravenously and the intestinal destrue- 
tion is redueed to 40 per cent of the orally given amount. The smaller loss after 
intravenous administration would suggest this route to be more effeetive ther- 
apeutically, however, this has still to be proven. It should nevertheless be stressed 
that intravenous administration of choline to a large number of patients did not 
result in any untoward reactions and, therefore, has to be considered as a sate 
procedure, 

SUMMARY 


Intravenous administration of choline did not result in a significant increase 
of the urinary excretion of total trimethylamines in contrast to choline admin- 
istered orally. This suggests that the bulk of urinary trimethylamines originate 
in the intestine from ingested choline and not from its transformation in the 
tissues. This observation also supports the previous conelusion that the greatest 
part of orally administered choline is transformed in the intestine. 

Of intravenously administered choline, approximately 9 per cent is lost in 
the urine in controls whereas in acute hepatitis (but not in cirrhosis) this loss 
is almost doubled. This finding was tentatively explained by the interplay of 
two opposing tendencies, (a) reduced utilization of choline in liver disease, and 
(bh) inereased choline demands caused by a choline deficieney in cirrhosis. 

For a given dose of choline, less is lost through the urine after intravenous 
administration than is destroved by intestinal bacteria after oral intake. 

Intravenous administration of 1 or 2 Gm, of choline base diluted in 500 or 
1000 ml. of isotonie e@lucose solution is a safe procedure for investigative or 


therapeutie purposes. 
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METABOLIC EFFECTS OF COMPOUND S (11-DESOXY 
17-HYDROXYCORTICOSTERONE) IN MAN 
STEFAN S. Fasans, M.D.,* LAwRENcE H. Louis, Sc.D., AND 
JEROME W. Conn, M.D. 

ANN ARBOR, MICH. 


a little information is available concerning the metabolie aetivity in 
man of 11-desoxy-17-hydroxycorticosterone (Reichstein’s Compound §), 
the metabolic effects of this steroid were determined on two normal men. 
Terry and London! determined the urinary exeretion and serum levels of vari- 
ous inorganic and organic constituents before administration and after the 
last day of injections of Compound S acetate (100 to 400 mg. per day). Met- 
abolic changes were not observed. Polley and Mason? have studied the 
urinary excretions of 17-ketosteroids and of formaldehydogenie steroids in 
two patients receiving 200 to 300 mg. of Compound S per day intramuscularly. 
They observed a moderate increase in these values during administration of the 
steroid in one of the two subjects. Pearson and associates® observed slight 
retention of sodium and chloride in a patient with chronic lymphatie leucemia 
to whom Compound S acetate was given intramuscularly in a daily dosage of 
200 milligrams. The steroid produced no significant effeet on nitrogen, potas- 
sium, phosphorus, and calcium balanees. 


METHODS 


Two normal young men were placed on constant diets containing approximately 100 
Gm. of protein, 175 Gm. of fat, 800 Gm. of carbohydrate, 200 meq. of sodium, and 150 meq. 
of potassium. The subjects were allowed to reach nitrogen equilibrium before control 
data were obtained. After a four-day contro] period, subject R. 8S. was given 200 mg. per 
day of Compound S acetate,t divided into three doses, orally for three days, and 200 mg. 
per day of the same compound intramuscularly, divided into two doses, for the next four 
days. Observations were then continued for five days without administration of Compound 
S acetate. After seven days of control observations, the second subject (G. A.) was given 
100 mg. per day of Compound S acetate, divided into four doses, orally for five days. This 
was followed by a three-day period without the steroid. Four hundred milligrams of Com 
pound S acetate were then given intramuscularly for one day, divided into two doses, and 
the observations were continued for another two days. 

The following determinations were made on both subjects: daily fasting values for 
blood sugar,t hematoerit,5 blood reduced glutathione,® and total circulating eosinophil cells.? 
Total serum lipids,’ :as well as total and free cholesterol,? were determined at two- to four 
day intervals. Glueose tolerance and serum sodium,!® potassium,!® and chloride!! were 
determined at the conclusion of each period. Daily renal excretion of total nitrogen (macro 
Kjeldahl), urie acid,!2,13 glucose,4 creatinine, sodium,!? potassium,!° chloride,14 17-keto 

From the Department of Internal Medicine, University of Michigan Medical School. 
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acetate used in these studies. 
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steroids!5 and formaldehydogenic steroids!® was determined. The ketonice fraction of the 
1 


17-ketosteroids was determined in one subject (G. A.) by the use of Girard’s Reagent T.17 


Weight and blood pressure were taken daily before breakfast. 
RESULTS 
During the administration of Compound S acetate only the excretion of 


17-ketosteroids showed a significant deviation from the values found during 


the control and recovery periods. Figs. 1 and 2 show these changes graphically. 


F.H. 
ADDISON'S DISEASE, 43 
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EFFECT OF COMPOUND S ACETATE ON 
URINARY STEROIDAL EXCRETION 


Fig. 3. 


Note that during oral administration of Compound S acetate there occurred 
a great increase in the excretion of 17-ketosteroids. This increase was in the 
ketonie fraction, as shown in Table I. Intramuscular administration of Com- 
pound S acetate did not cause a significant rise in urinary exeretion of 17- 
ketosteroids. 

A male patient, I. IL, with mild but well-documented Addison’s disease, 
was given Compound § acetate orally for three days. The change in excretion 


of 17-ketosteroids is shown in Fig. 3. 
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DISCUSSION 


At the level of dosage employed in two normal men, Compound S acetate 
had no effect either upon electrolyte and water metabolism or upon organic 
metabolism. [It is of considerable interest that Compound S acetate admin- 
istered orally results in a great increase in the excretion of 17-ketosteroids 
despite the complete absence of any discernible metabolie effect. The fact that 
oral administration of Compound S acetate to a patient with Addison’s dis- 
ease produced a prompt rise in excretion of 17-ketosteroids suggests that the 
adrenal cortex is not important in this conversion. It seems likely that the 


liver is responsible for the degradation of Compound S acetate to 17-ketosteroids.* 


TABLE I. EFFECT OF COMPOUND S ACETATE ON URINARY EXCRETION OF TOTAL AND KETONI 
FRACTION OF 17-KETOSTEROIDS (SuBJEcT G. A. 


CPDLS 
COMPOUNDS ACETATI $OO MG.) RECOY 
CONTROL 400 MG./DAY ORALLY RECOVERY IM ERY 
Days l Z 3 l 2 3 4 D l Z 0 l l 

Total 17-ketostex 

olds mg./day 2:9 12.1 12.6 24:3 50:1 62.7 56.7 46.7 16:9 32.2 18.7 17.3 16.0 
Ketonie 17-keto 

steroids me./davy : 11.8 14.6 23.6 51.2 59.7 Lied 1.4 Wes 18.5 1.0 


SUMMARY 


Detailed balance studies were performed on two normal men in an effort 
to determine the metabolic effeets of administration of Compound S acetate. 
No significant metabolic changes were observed. However, when Compound S 
acetate was administered orally, there occurred a great increase in urinary 
excretion of 17-ketosteroids. The significance of this observation in relation to 


oral administration of other steroids requires and is receiving further study. 


The technical assistance of Mrs, Gwendolyn Barott, Miss Jane P. Blood, Mrs. Lucey W. 
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LABORATORY METHODS 


A METHOD FOR THE DETERMINATION OF 
GENTISIC ACID IN SERUM 
JULIUS LOWENTHAL, PH.D.* 


SASKATOON, SASKATCHEWAN, CANADA 


HE value of salievlates in the treatment of rheumatie disorders is well 
established, and the importance of maintaining adequate plasma salievlate 
levels in order to produce a prompt and consistent response has been stressed 
repeatedly. About 4 to 8 per cent of ingested salicvlate is excreted as ventisie 
acid (2:5 dihvdroxy benzoic acid) and it has been suggested that the antirheu- 
mati¢ activity of salievlates may be due to the formation of this metabolite. This 
suggestion is based on the observation that the oxidized form of gentisie aeid 
(carboxy-parabenzoquinone) acts in vitro as an inhibitor of the enzyme hvaluro- 
nidase,? while salievlie acid only inhibits the same enzyme in vivo. Clinical 
trials indicate that gentisic acid possesses antirheumatic activity, while produe- 
ing few, if any, of the toxie manifestations frequently seen after the administra- 
tion of massive doses of salicvlates. In view of the experience with salicylates, 
some knowledge of the blood levels produced on administration of this drug is 
indicated. Mever and Ragan’ have reported that after the administration of 
10 Gm. of gentisie acid per day none could be detected in the blood, whereas 
Camelin and associates found that with comparable doses plasma levels up to 
12 mg. per cent could be attained. This difference may be due to the method 
used for determination of gentisie acid. Meyer and Ragan used an unspecified 
reagent sensitive for para-hydroxyquinones. Camelin and associates developed 
a method based on the color reaction with ferric chloride. The method of deter- 
mination described here is based on the observation that gentisie acid in a 
buffered solution (pH 3 to 4) is oxidized by ferrie ion, ferrous ion being pro- 
duced. Potassium fluoride is added to render the excess ferric ion colorless 
through complex formation. The concentration of the ferrous ion is then deter- 
mined photoelectrically by the formation of the colored ferrous ion-ortho-phen- 
anthroline complex. 
METHODS 
Reagents.—1. Acetone-alcohol. Equal volumes of 95 per cent ethyl alcohol and C. P. 
acetone. 
From the Department of Physiology, University of Saskatchewan. 
Aided by a Public Health Research Grant secured from the Department of National 
Health and Welfare through the co-operation of the Department of Public Health, Province of 


Saskatchewan 
Received for publication, July 21, 1951. 


Research Associate and Canadian Life Insurance Fellow, Department of Physiology, 
University of Saskatchewan, Saskatoon, Canada. 





916 








DETERMINATION. OF GENTISIC ACID IN SERUM 917 

2. 4 per cent potassium fluoride solution. 

3; 2 pel cent ferrie chloride solution. Phi reagent is dissolved in absolute commercial 
alcohol, filtered, and stored in the eold and dark. 

ft. Acetate buffer. Prepared from 1,000 ml. of O.1 N sodium acetate and 450 mi. 1.0 
N acetic acid, The pil is approximately 3.4, and should be checked with a pH meter, 
5. 0.25 per cent o-phenanthroline. The chemical was obtained from G. Frederick Smith 
Chemical Co., Columbus, Ohio. It is dissolved in absolute commercial alcohol. The solution 
is stable for one week when protected from light and kept in the refrigerator, 

Procedure.— Blood is taken without anticoagulant and with precautions to avoid hemolysis. 
0.2 ml, of serum is added to 5 ml. of acetone-aleohol in a graduated 15 ml. conical centrifuge 


tube without shaking. Using a stirrer made of nichrome wire bent at the end into a small 


loop, the precipitated protein is thoroughly stirred up, and the contents of the tube are 


brought to boiling on a water bath. After cooling t 


») room temperature, the volume is made 
up approximately 10 mi. with acetone-aleohol, the contents are stirred as before, and the 
protein coagulum is centrifuged down. The volume is made up exactly 10 ml. with acetone 
aleohol and 5 ml, of the clear supernatant are pipetted into 25 ml. volumetric flask, Ten 
milliliters of acetate buffer are added, followed in the order given by 0.1] ml. of ferrie chloride, 
0.1 ml. of potassium fluoride, and 1.0 ml. of the o-phenanthroline, the tubes being well shaken 
after each addition. The light absorption is measured in a Coleman Model 6A Junior spec 
trophotometer set at 510 my fifteen to twenty minutes after the addition of the ferric 


chloride, using cells of 1 em. diameter. 
RESULTS 

The accuraey of the method was tested by adding various quantities of 
eentisie acid to serum. The values collected in Table I indieate that gentisie 
acid can be recovered with satisfactory precision. 

Analyses run on single samples of serum stored in the refrigerator over 
several days gave reproducible results. With normal serum not containing 
gentisie acid, a reading of approximately 0.5 to 1.0 mg. per cent of gentisic 
acid is obtained. This indicates the substances other than gentisie acid, which 


TABLE I. RECOVERY OF GENTISIC ACID ADDED TO SERUM 


GENTISIC ACID ADDED GENTISIC ACID FOUND 
0.010 0.0097 
0.010 0.0100 
0.010 0.0105 
0.010 0.0115 
0.015 0.0150 
0.015 0.01505 
0.015 0.0175 
0.015 0.0160 
0,020 0.0205 
O.020 0.0200 
0,020 0.0205 
0,020 0.0210 
0.020 0.0210 
0,040 0.0395 
0.040 0.0410 
0.040 0.0450 
0.040 0.0430 
0.060 0.0610 
0.060 0.0620 
0.060 0.0620 
0.060 0.0620 
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are oxidized hy ferrie lon, are extracted from serum. Llowever, for the values 
of gentisic acid expected in ordinary usage, this blank reading may perhaps be 
neeolected, 


SUMMARY 


A method is described for the determination of @entisie acid in serum. The 


le serum by extraction with acetone-aleoho! 


ventisig acid is separated from t 
It is then oxidized by ferric ion, ferrous ion being produced. The concentration 
of ferrous ion is determined colorimetrically Iyy the formation of the phenan 


throline ferrous ion complex, eXcCeSS ferr1e ion heine removed with fluoride. 
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A SIMPLIFIED TECHNIQUE FOR INTRAVENOUS 
CATHETERIZATION 
ISADORE Piresky, M.D.’ 
(‘HICAGO, IL. 


HK recent introduction of plastic catheters into clinieal medicine has greatly 

simplified prolonged intravenous therapy. Polyethylene, polyvinyl, and, 
more recently, nylon! catheters have become available commercially and at low 
cost. A factor that has limited the wider appheation of intravenous catheters 
has been the awkwardness of introducing the catheters into blood vessels. 

The usual method of threading the eatheter into a vein through a previously 
inserted needle and then withdrawing the needle requires the use of sterile rubber 
oloves and draping. F clever device to Carry oul this procedure simply has 
been described by Peterson and associates,’ but only very short lengths of cath- 
eter can be introduced with the instrument. Furthermore, the instrument is 
costly. A simple and inexpensive technique was therefore developed to over- 


come these disadvantages. 
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The catheter assembly consists of a needle, ‘‘ Luer-Lok’’ observation tube? 
and **Nojax’’ casing,t Fig. LA. The catheter rests within the protective sleeve 
and projects almost to the tip of the needle. The gauge of the needle selectea 
will depend upon the diameter of the catheter selected. The catheter should fit 
the needle snugly, but pass through easily. Obviously, any length of catheter 
may be used. The whole unit is wrapped in a towel or placed in a suitable 
container and sterilized in an autoclave. 

Just prior to use, the Nojax sleeve must be moistened on the outside with 
a little water applied with the finger tips to soften it. The needle is inserted 
into a vein, and the eatheter pushed through the needle and into the vein for 
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the required distance 1 manipulating it through the protective sleeve. The 
whole assembly is then withdrawn, leaving the catheter in-place. The appear 
ance of blood in the lumen of the catheter will indieate that the needle is lying 
in a blood vessel. 

The catheter is attached to the rubber tubing from the fluid reservoir by 
means of a blunt needle inserted into the free end. The threading of the needle 
into the narrow catheter is facilitated by the use of a short stylet which fits into 
the needle and projects past the tip for a short distance, Fig. 1B. The com 
bination of the needle and stvlet may be sterilized together in a glass tube. 

Very flexible catheters such as those fabricated from polyethylene require 
the presence of a stylet within the lumen to impart the necessary rigidity. The 
stvlet should be longer than the catheter so that it may be withdrawn readily. 
Should it be necessary to interrupt an infusion for any length of time, the 
eatheter can be kept patent by capping it with a modified Luer-Lok adapter. 


The whole system is then flushed out with a dilute solution of heparin. 


SUMMARY 


A simp!le technique is deseribed for inserting catheters of ats length into 


veins. 
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69. THE EFFECT OF COLCHICINE ON THE ADRENAL CORTEX 
Ifarry Levine, M.D. (By INviration), AND RaymMonD GreEGoRY, M.D., 


(FALVESTON, TEXAS 


It has been demonstrated that ACTH produces a remission in acute gouty 
arthritis. It may produce acute exacerbation of gout following its sudden 
withdrawal. This is presumably due to the suppression of endogenous hor- 
mone production. Since the mechanism of the aetion of colehicine in gouty 
arthritis is unknown, a study was undertaken to ascertain whether colehicine 
stimulates the adrenal cortex. Eosinophile counts in sixteen patients and 
twenty-four hour urinary 17-ketosteroid exeretion in fourteen patients were 
made to estimate the level of adrenal cortieal activity. In addition, the 11- 
oxyeorticoids (formaldehyde reducing substances) were studied in four of the 
above patients. None of the subjeets had gout. 

Control studies were made on two or three days prior to the administra- 
tion of colehicine, 0.5 milligram of which was given every hour until a definite 
diarrhea was produced. No more than eight doses were given on any day. 
In most eases two to three courses of colchicine were given on successive days. 
‘our courses were given to a few patients. 

Colchicine did not produce a significant increase in the twenty-four hour 
exeretion of 17-ketosteroids in fourteen patients. In four of the fourteen 
studied there was a decrease in 17-ketosteroids’ excretion. In only four of 
the sixteen patients studied was there a significant decrease in the blood 
eosinophiles following colchicine medication. Serial determinations of the 
blood eosinophiles were made every three to four hours following the initial 
dose of eolehicine for a period of three to nine hours. In a total of sixteen 
determinations on nine subjects a significant fall in eosinophile count occurred 
in but one ease. This took place six hours following the initial dose. The 
eosinophile count returned to the control level at the ninth hour in spite of 
continued administration of the drug. Colchicine administration caused no 
significant increase in the 11l-oxycorticoid excretion in any of the four patients 
studied. 

On the basis of these data it is improbable that the action of colchicine is 
mediated through the adrenal cortex. 


70. STUDIES ON THE MUCOPROTEINS OF BLOOD 
Louis Levy, M.S. (By INviratrion), AND Ropert lL. JACKSON, M.D., 
lowa City, lowa 
The mucoprotein fraction isolated from plasma or serum by phospho- 
tungstate precipitation from perchloric acid filtrate has been studied with re- 
spect to electrophoretic patterns at pH &.5 and pH 4.5, ultraviolet absorption, 
total quantity in the plasma of children in health and in disease, and the ratio 
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of carbohydrate to tyrosine in varying conditions of health and disease. The 
orcinol reaction for the determination of carbohydrates was modified for this 
analysis. 

Electrophoretic patterns revealed six mobilities at pH 8.5 and four mobil- 
ities at pH 4.5 Ultraviolet absorption studies yielded maximums at 278 and 
282 » and minimums at 266 and 262 » when the phosphotungstate precipitate 
was washed with different solvents. The quantity of the mucoprotein frac- 
tion in plasma remains constant within relatively narrow limits during health; 
no change in total quantity could be discerned with increasing age of the 
ehild. However, the quantity was found to vary markedly from the normal 
in children with rheumatie fever or with lipoid nephrosis, and the quantity 
also was found to vary depending on the activity of the disease process. The 
‘elationship between carbohydrate and tyrosine (CHO/T) was found to be eon- 
stant both in health and disease. This is illustrated in Table I. 


TABLE | 
MEAN 
\TIENTS NO, OF CHO 
NO. AGI ANALYSIS I S.D. S.E.M. 
Normal 25 3 wk. to 14 yr. 25 3.34 0.517 0.105 
Abnormal 22 2 yr. to 15 yr. 243 3.26 0.621 0.040 


Since the electrophoretic patterns did not show a dominance of any one 
‘component, it must be concluded that the protein, as measured from tyrosine 
values, and the carbohydrate moities of each component maintain approx- 
imately the same relative proportion throughout. 


71. CLINICAL TRIALS OF ACTH AND CORTISONE IN SEVENTY- 
FIVE PATIENTS WITH BLOOD DYSCRASIAS 
Louis R. Limarz, M.D., Jerome T. Pact, M.D.. axp Wituram R. Best, M.D. 
By Ixviration), CHicaco, Inn, 


Ten patients with acute and chronie hypoplastic anemia received ACTH, 
two patients were treated with cortisone, and one patient with both ACTH 
and cortisone at different times. In none of these cases was a hematologic 
response noted. Autopsy in three cases revealed a hyperplastic bone marrow 
in two cases and a hypoplastic marrow in the third ease. A young woman 
developed a severe hypoplastic anemia following anticonvulsive medication. 
She received smal] doses of ACTH for five weks along with several blood 
transfusions, vitamin B,., liver extract, and folie acid. Initial improvement 
was sustained after ACTIT was discontinued. Complete recovery of the blood 
and bone marrow has continued up to the present time. 

The administration of ACTH in four cases of idiopathic acquired hemolytic 
anemia controlled the hemolytic phenomena. <A fifth case showed slight im- 
provement in the hemolytic process following ACTH. In another ease as- 
sociated with liver disease, ACTH, cortisone, and splenectomy failed to control 
the hemolytie condition. In five cases of congenital hemolytie anemia there 
was no response to the administration of ACTH or cortisone. 

ACTH and blood transfusions induced a remission in two cases of idi 
opathic thrombocytopenic purpura. The remission was of short duration in 
one of these cases. In three patients no effect was observed following ACTH 
or cortisone. A complete remission occurred after splenectomy in two of these 
patients. The third patient died. A patient with Schénlein’s purpura did 
not respond to ACTH. 
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Twenty-nine cases of leucemia were treated with ACTH. and cortisone. 
The cases ineluded acute stem cell 4, acute lymphatie 8, acute myeloid 7, sub- 
acute myeloid 4, subacute lymphatic 1, echronie lymphatie 2, chronie myeloid 
|, and monocytic 2. Complete clinical and hematologic remissions were ob 
served in none. 

A case of idiopathic splenic neutropenia showed a transient response to 
ACTH; however, splenectomy cured the neutropenic state. 

Some clinical improvement was noted in two eases of lymphosareoma and 
two cases of Hodgkin’s disease on ACTH. Biopsy of nodes still reveals the 
underlying disease. 

‘our cases of multiple myeloma failed to respond to ACTH or cortisone. 

The following conditions showed little if any clinical or hematologie im- 
provement: myeloid metaplasia of the spleen, Felty’s syndrome, recurrent 
granulocytopenia, pancytopenia with a hemolytie component, and_ poly- 
evthemia vera in the anemie phase. 


72. STUDIES ON THE ANEMIA OF CHRONIC PRIMARY BONE 
MARROW FAILURE (REFRACTORY ANEMIA) 
VirGIL LoEeB, Jr., M.D., St. Louts, Mo. 


(INTRODUCED BY Epwarp H. REINHARD, M.D.) 


The purpose of this presentation is threefold: (1) to deseribe how the 
erythropoietic equilibrium in patients with anemia may be evaluated more 
accurately by measuring radioiron utilization and red cell survival time; (2) te 
demonstrate how these techniques have been used in the management of six 
patients with the anemia of chronic bone marrow failure; and (3) to present 
evidence that in some cases erythropoiesis may be stimulated by ACTH or 
cortisone and depressed by the spleen. Utilization of radioiron for hemo- 
globin synthesis served as a measure of red cell production. Urobilinogen 
exeretion and the survival time of transfused normal erythrocytes indicated 
the presence or absence of a hemolytie component. 

The bone marrow in the six patients studied showed changes ranging 
from anerythroeytosis to hyperplasia of erythroid elements. Reticulocyte 
counts were low, and iron utilization was markedly depressed. In three cases 
there was evidence of increased blood destruction which became manifest 
after many transfusions and coincident with the development of splenomegaly. 

The five patients who received ACTH and/or cortisone showed evidence 
of significantly increased erythropoietic activity during therapy. Splenee- 
tomy was performed on four of these individuals and on the sixth patient. In 
each instanee, a return of bone marrow function toward normal became ap- 
parent. Evidence of increased erythrocyte destruction, when present, disap- 
peared following splenectomy. 

The results demonstrate that: (a) available techniques make it possible 
to evaluate with greater precision both the relative importance of decreased 
production and increased destruction of red cells in the pathogenesis of the 
anemia of chronic bone marrow failure, and the effectiveness of therapy; 
(b) erythropoiesis in some patients may be stimulated by administration of 
ACTH or cortisone; (c) hemolysis is at times responsible in part for the 
anemia; and (d) splenectomy may be followed by a greater rate of red cell 
production as well as by a slower rate of destruction. Good therapeutic re- 
sults can be expected in only a minority of patients with the anemia of chronie 
hone marrow failure, but the disease is not always entirely ‘‘refractory’’ to 
therapy. Erythropoietic response to adrenocortical stimulation may possibly 
indicate when splenectomy is most likely to be beneficial. 











CENTRAL 





SOCIETY FOR CLINICAL RESEARCH 
73. STUDLES OF HEMODYNAMIC CILANGES IN THUMAN BEINGS 
FOLLOWING INDUCTION OF LOW AND HIGH 


SPINAL ANESTITESIA 


R. BEVERLEY LYNN, M.D., SALVATORE M. Sancetrra, M.D., AND 
FIORINDO A. SIMEONE, M.D., CLEVELAND, OHIO 


(INTRODUCED BY Roy W. Scorr, M.D.) 


(iriffiths and Gillies recently reported the suecessful ¢linieal use of high 
spinal anesthesia in patients undergoing thoracolumbar sympatheetomy (Anes- 
thesia 3: 134, 1948). They stressed the simplicity of the procedure, the ap- 
parent Jack of complications, and the achievement of a virtually bloodless op- 
erative field. To study the question further, we have observed certain hemo- 
dynamic changes following partial and complete paralysis of the spinal pre- 
ganglionic sympathetic outflow in human beings by intratheeal proeainization. 

We have studied to date thirty-five patients who for purposes of compari- 


son have been divided into four eategories: (1) patients undergoing surgery 
with low spinal anesthesia, (2) patients undergoing surgery with high spinal 
anesthesia, (3) patients given a low spinal anesthetic but having no surgery, 


and (4) patients given a high spinal anesthetic but having no surgery. The 
eardiae outputs and pressure recordings were obtained by use of conventional 
dextro-eardiae catheterization, and peripheral flows and pulse volumes de- 
termined simultaneously with the Grass Plethysmograph. 

The following definitive data are presented: there is a drop in brachial 
arterial, right auricular, and pulmonary arterial pressures, a fall in the eardiae 
output parallel to the decreasing arterial pressure, and a fall in the heart 
rate and the stroke volume. The hematocrit, arterial oxygen capacity, and 
arterial oxygen content drop slightly, and pulmonary blood oxygen is reduced. 
The arteriovenous oxygen difference rises. The oxygen saturation of the ar- 
terial blood remains normal under proper circumstances, although total avail- 
able transport oxygen is slightly reduced. The oxygen consumption falls. 
All changes are intensified as higher sympathetie paralysis is achieved, beeom- 
ing extreme with total blockade. Blood flows and pulse volumes in the toes in 
crease and are accompanied by reflex vasoconstriction in the fingers. When 
the anesthetic level reaches T4 and above, the fingers invariably show increases 
in flow and pulse volumes. Finger flow and pulse volumes are greatly reduced 
when mean brachial arterial pressure drops below 35 mm. Hg. The total eal- 
eulated peripheral resistance is at variance with the observed changes in flow, 
eardiae output, and brachial arterial pressure. Occasional changes are noted 
in the electrocardiogram. 


Further studies on organ blood flows and liver functions are in progress. 


74. ““BASOPHIL FAILURE,’’? A SYNDROME CHARACTERIZED BY 
FAILURE OF ACTH AND GONADOTROPIN SECRETION 
ASSOCTATED WITH INTACT THY ROTROPIN 
SECRETION 
Wittiam O. Mappock, M.D. (By INviration), Ropert B. Leacu, M.D. (By 
INVITATION ), AND GorpDON B. Myers, M.D., Derrorr, Micn. 


This report describes a syndrome observed in two patients characterized 
by failure of ACTH and gonadotropin secretion associated with intact thyro- 
tropin secretion. The patients, aged 54 and 58 years, gave similar histories 













































PROCEEDINGS OF TWENTY-FOURTH ANNUAL MEETING 929 


of weakness, weight loss, complete impotence, and loss of pubic, axillary, and 
body hair of ten and twenty vears’ duration. 

Failure of gonadotropin secretion was evidenced by absence of urinary 
gonadotropins and by signs and symptoms of testicular failure. The testes 
were small, soft, and showed complete atrophy of Leydig cells and seminiferous 
tubules. Lack of pubie, axillary, and body hair, and extremely low 17- 
ketosteroid excretion (0 to 1.9 mg. per twenty-four hours) were attributed in 
part to testicular failure and in part to adrenal cortical failure. 

Adrenal cortical insufficiency was also manifested by weakness, weight 
loss, average of over 300 eosinophils per cubie millimeter, increased glucose 
tolerance, and low fasting blood sugar. The adrenal cortical hypofunetion was 
attributed to insufficient ACTH secretion because of lack of eosinophil de- 
crease from epinephrine and a positive response to ACTH. Four days of 
ACTH, 20 mg. every six hours, resulted in a decrease of eosinophils to zero, 
and increase in 17-ketosteroids to 5.0 and 9.3 mg. per twenty-four hours, and 
marked subjective improvement, Continuation of ACTH therapy in doses of 
20, then 25 mg. daily for six months resulted in further subjective improve- 
ment, Increase in strength, and a 20- to 25-pound-weight increase. 

Thyrotropin secretion was judged normal by absence of clinieal signs of 
hypothyroidism, normal protein-bound iodine values of 5.0 ne per cent, and 
basal metabolism rates ranging from zero to minus 20 per cent, 

‘*Basophil failure’’ is suggested as a name for the svndrome, since basophil 
cells probably elaborate ACTH and gonadotropins, whereas acidophil cells are 
considered by some workers to be the source of thyrotropin and growth hor- 
mone. These results are in agreement with the concept that selective failure 
of one or more pituitary hormones may oecur, 


75. UPTAKE OF TONS BY VARIOUS MIXTURES OF CATION AND 
ANION EXCHANGE RESINS 


B. L. Marrz, M.D., anp R. TE. CarmMicuHarn, B.S., INDIANAPOLIS, IND. 
(INrrRopUcED By O. M. Heimer, Pa.D. 


In vitro studies have been conducted in which a weakly basie anion ex- 
change resin and a weakly acidie cation exchange resin mixed in various pro- 
portions have been exposed to a buffered solution simulating intestinal juice 
in electrolyte content. Uptake of sodium, chloride, and phosphate has been 
determined. 

Results indieate that the uptake of ions by each of the exchange resins 
is increased by the presence of the other exchanger. lor example, the cation 
resin used in the study removed 2.02 meq. of sodium per gram of resin when 
used alone. In a mixture consisting of 35 per cent anion exchange resin and 
65 per cent cation exchange resin, each gram of the cation exchanger removed 
2.62 meq. of sodium from the solution. 

Previously reported observations of the greater in vivo uptake of sodium 
by a mixture containing 12 per cent anion resin than by cation exchange resin 
alone are reviewed, A mixture containing 33 per cent anion resin has been 
administered to six patients, in two of whom fecal excretion of sodium has 
been determined. Results indicate that this mixture may be superior to pre- 
viously used resin combinations in some patients with impaired renal function. 
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76. UNUSUAL PRECORDIAL LEAD PATTERNS IN THE EXERCISE 
TOLERANCE TEST 
RoBERT J. Marven, M.D., AaNp Rospert B. FaAILey, Jr., M.D., 
INDIANAPOLIS, IND. 


(INTRODUCED BY RoBERT M. Moore, M.D. 


The electrocardiographie diagnosis of angina pectoris has been shown to 
depend on the recognition of reversible ST and T wave patterns typieal of 
ventricular injury and anoxia. Evaluation of these changes has been facilitated 
by comparison with published standards based upon changes seen in standard 
leads and a single precordial lead with the electrode placed at Cy. 

In the present study eight chest electrodes were spaced on a belt equally 
around the left chest from position C, toa point just to the left of the spine 
at the seventh interspace. The Wilson central terminal was used, and elec- 
trodes were designated as V, through Vy. Tracings were taken just before 
and at intervals following standard two-step exercise tests. In addition, 
standard limb leads and unipolar extremity leads were taken. 

Especially noted in healthy young adults of asthenie build were chest lead 
changes attributable to alterations in cardiae position within the chest. These 
include: (a) Changes resulting from clockwise rotation of the heart upon its 
long axis. Oceasionally tracings taken immediately after exercise showed 
rotation as great as three centimeters as projected on the chest wall. Abrupt 
appearance of an S or QS wave in V, was also occasionally noted. (b) Changes 
resulting from clockwise rotation of the heart upon its A-P axis. Abrupt ap- 
pearance of an S or QS wave in V, or V. and V; or Vg was oceasionally 
noted. In addition, increased prominence of T waves in these leads was noted. 
The effects of both types of positional change were also projected upon limb 
leads, but the changes seen were much less striking than in chest leads. The 
causation of these changes would appear to depend on descent of the dia- 
phragm following exercise allowing free rotation of the heart on its longitud- 
inal and A-P axes. In ruling out coronary disease in young adults with neuro- 
circulatory asthenia, recognition of these changes may be of importance. 

Diminution in T-wave magnitude and variable degrees of ST depression 
were noted in individuals exhibiting appreciable increase in heart rate. These 
secondary T-wave changes were more marked in chest leads than in extremity 
leads. In oceasional normal individuals T-wave changes resulting from = in- 
ereased heart rate combined with positional effects resulted in changes that 
would indicate coronary insufficiency when judged by previously published 
empirical standards. 


it. DESOXYCORTICOSTERONE AND PROGESTERONE IN THE 
GENESIS OF EXPERIMENTAL TOXEMIA 
OF PREGNANCY 
G. M. C. Masson, PH.D. (By Invitation), A. ©. Corcoran, M.D., ann 
IRVINE H. Pace, M.D., CLEVELAND, OHIO 


Administration of renin to normal rats pretreated with desoxycorticos 
ferone acetate (DCA) results in a state which resembles toxemia of preg 
naney, although it lacks hepatie lesions. This defect might be due to the 
species studied, the steroid used, or the fact that the animals were not preg- 
hant., 
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A toxemia of pregnaney is known to oecur spontaneously in rabbits, so 
that the effect of DCA alone was explored in animals of this species kept on 
a high sodium ration. Hyperexcitability and convulsions supervened within 
a few days and were followed by paralysis. Arterial pressure was not in- 
creased, At autopsy, there was focal necrosis of the right lobe of the liver 
and fluid in the pleural spaces. Fetal death occurred in the one pregnant an- 
imal of the group. Whereas these effects followed subeutaneous administra- 
tion of 10 mg. of DCA daily as water suspensions, doses up to 50 mg. in solu- 
tion in propylene glycol were completely ineffective. 

Pregnant rats are known to be susceptible to a toxic¢ action of progesterone 
which has been likened to eclamptogenie toxemia, It seemed possible that 
this disease may have resulted from steroid-indueed delay in the onset of 
labor. To test this view, pregnant rats were given progesterone (10 mg. 
daily), subjected to placental separation or to ligation of the cervix uteri or, 
lastly, retained as controls. Animals of the two experimental groups alike 
developed subcutaneous edema and hepatie necroses; renal lesions, hyper- 
tension, and other evidences of eclampsia were not elicited. 

In summary, the effects of treatment with DCA differ profoundly as be- 
tween rats and rabbits in which latter species it can cause hepatie necrosis ; 
the toxie effect of progesterone in pregnant rats is attributable to resorption 
of retained products of conception; under appropriate conditions, hepatic 
necrosis ean be induced in rats or rabbits. Establishment of a true eclampsia- 
like state seems to depend on the concurrence of metabolic abnormalities, such 
as result from the action of DCA, with release of renin or renin-like substances 
and not on the action of the steroid alone. 


78. THE EFFECT OF INCREASED RENAL VENOUS PRESSURE ON 
INULIN AND PARA-AMINOHIPPURATE CLEARANCES 
LAWRENCE G. May, M.D. (By Invitation), S. Y. Tsar, M.D. (By Invitation), 
ALENE BENNETT (By INvITATION), JOHN C. MrEapows, M.D. (By 
INVITATION), AND RAYMOND GreEGORY, M.D., GALVESTON, TEXAS 


The influence on renal clearances of increasing the renal venous pressure 
has been studied on four contro] and nineteen experimental dogs anesthetized 
with nembutal. The renal venous pressure was increased by the use of a 
specially designed clamp applied to the inferior vena cava above, between, 
and below both renal veins. Pressure increments varied from fifty to three 
hundred millimeters of saline. Observations were made for periods usually 
lasting five to six hours and consisted on control experimental periods of 
twenty minutes with recovery periods. 

The controls showed no consistent change in either glomerular filtration 
rate or renal plasma flow. It is significant that there was no tendeney for the 
clearances to fall with time in the control animals. 

Unilateral elevation of renal venous pressure was followed by an inerease, 
decrease, or no change in clearances. Within the range of pressures studied 
there was no uniform pressure at which significant decreases in clearances 
were produced. 

When decreased clearances were associated with venous pressure eleva 
tions a return to control venous pressures resulted in no ehange, further fall, 
return toward control values, or to values above control levels. Changes in 
evlomerular filtration rate and renal plasma flow were not always in the same 
direction. 

For reasons not yet explained, the kidney, the venous pressure of which 
remained normal. showed decreases in clearances similar to those of the 
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‘clamped’? kidney in some animals. Unilateral elevation of renal venous 
pressure was not followed by any constant change in clearances in the af- 
fected kidney when compared to simultaneous clearances of the unaffected 
kidney. Thorough infiltration of the periaortice, pericaval, and the hilar regions 
of both kidneys failed to prevent decreases in glomerular filtration rates. 

When the venous pressure was increased in both kidneys the clearances 
usually fell and returned toward normal when the venous pressure elevations 
were released. 

When the clamp was applied to the vena cava below both renal veins, the 
renal clearanees fell. The magnitude of the fall was usually less than when 
the clamp was applied to the vena cava between or above the renal veins. 


79. EXPERIMENTAL STUDIES ON ELECTROCARDIOGRAPHIC 
LEADS USING FLUID MAPPERS 
Ricuarp McFrr, M.S. (By Ixviration), Ropert M. Stow, M.D. (By 
INVITATION), AND FRANKLIN IT. Jounston, M.D., 
ANN ARBOR, Micit. 


Fluid mappers have had limited use for many years, but Moore has re- 
cently revised and greatly simplified the method and pointed out its value 
in the solution of many complieated problems in the fields of electricity, mag- 
netism, and heat. These devices are cast of plaster, and we have made them 
in such a way that the flow of water, visualized by properly located crystals 
of potassium permanganate or methylene blue provides a hydraulic analogue 
to the flow of electrical currents in the trunk, particularly through the heart. 
Using the reciprocity theorem, with fluid sources and sinks at points of the 
model that correspond to the attachment of the two arms and left leg to the 
trunk, one can, by the character of the flow lines that represent various leads, 
estimate the effect of dipoles located in the region of the heart. Furthermore, 
by changing the depth of the narrow space through which the fluid passes, 
one can obtain effects analogous to a change in the electrical resistance of 
tissues in the body. Thus, it becomes possible to investigate various leads 
with models which represent the body both as a homogeneous and non- 
homogeneous conductor. 

Photographs showing the flow lines with models simultating a homogene- 
ous conducting medium and with a heart of increased conductivity, and also 
with lungs of decreased conductivity, have been taken. The patterns of flow 
representing all of the standard and augmented unipolar extremity leads have 
heen obtained, as well as those representing chest leads taken with the central 
terminal and other ‘‘indifferent’’ electrodes. 

Examination of the flow lines obtained with the various types of fluid 
mappers we have employed suggests that the use of the Einthoven triangle 
concept does not involve large errors, and work, to date, indicates that vari- 
ations in conductivity of tissues within the body may act to decrease rather 
than to increase these errors. The studies also indicate that the central 
terminal is definitely superior to any one of the extremities as an indifferent 
electrode. Many other matters remain to be investigated, and further work 
is in progress. 
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SO. PANTITEMATOPENITA AND MARROW HYPERPLASIA WITHOUT 
‘“‘HYPERSPLENISM’”’ 
GORDON C. Meacuam, M.D. (By Inviration), AUSTIN S. WEISBERGER, M.D., 
\ND Ropert W. HeINLE, M.D., CLEVELAND, OHIO 


The term hypersplenism is applied frequently to clinical syndromes char- 
acterized by varying degrees of anemia, leucopenia, and thrombocytopenia in 
the presence of generalized marrow hyperplasia, with the implication that 
splenectomy is indicated. In certain instances, however, splenectomy is wholly 
ineffective, indicating that the spleen, if it is involved at all, is not solely re- 
sponsible for the disordered hematopoiesis. 

Uniformly good results have occurred after splenectomy in patients with 
primary splenic neutropenia, This syndrome is usually characterized by 
severe neutropenia and splenomegaly with only mild to moderate anemia and 
thrombocytopenia. In contradistinetion is another syndrome typified by five 
patients who had severe anemia, leucopenia with only moderate neutropenia, 
and, except in one, moderate or severe thrombocytopenia. The marrows were 
hyperactive. The anemia was hemolytic, although reticuloevte levels were not 
as high as might have been expected from the degree of anemia, and abnormal 
agelutinins were not present in the blood nor in the erythrocytes. Probably 
the most significant finding was the absence of splenomegaly. 

Splenectomy had no effect on erythrocyte levels. There was a sustained 
increase in leucocytes in one patient and an inerease in platelets in another. 
Specific morphologic changes were not present in the spleens. 

Administration of ACTH to two of the patients failed to cause improve. 
ment in erythrocyte or platelet levels. Temporary leucocytosis occurred in 
one. Nueleated red cells were increased in the peripheral blood of both. 

Thus, splenectomy has been effective when severe neutropenia and 
splenomegaly were the principal findings. It has been ineffective in patients 
with severe anemia and thromboeytopenia with only mild or moderate neutro- 
penia and without splenomegaly. Congenital hemolytic anemia and idiopathic 
thromboeytopenie purpura are considered as separate entities and are not in- 
eluded in this discussion. 

While the mechanism has not been demonstrated, failure of splenectomy 
in itself makes ‘‘hypersplenism’’ a misnomer for these five patients. Matura- 
tion arrest or sequestration followed by phagocytosis cannot be demonstrated. 
ailure of delivery from the marrow has been neither proved nor disproved. 
It should be possible, however, to recognize the syndrome represented by these 
patients as a separate entity and to predict the ineffectiveness of splenectomy. 


81. THE ROLE OF THE SPLANCHNIC BED IN THE METABOLISM 
OF FRUCTOSE INTRAVENOUSLY ADMINISTERED 
TO NORMAL MEN 
ALBERT I. MENDELOFF, M.D., AND THEODORE EK. WEICHSELBAUM, PH.D., 
St. Louts, Mo. 
(INrRopUCED BY RoBeRT E. SHANK, M.D.) 

Recent interest in the usefulness of fructose for intravenous administra- 

tion has made it desirable to study further aspects of its assimilation in man. 


The coincident development of hepatic vein catheterization and of better 
methods for measuring intermediaries and products of carbohydrate metabo- 
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lism has made it possible to carry out quantitative studies of the role of the 
splanehnie bed in the assimilation of fructose. 

Kour apparently healthy male human subjects hetween 30 and 45 years of 
age were studied by the technique of hepatic vein catheterization, while re 
eeiving intravenous infusions of 10 per cent fruetose in water. These in 
fusions were administered for sixty minutes at rates of approximately 1.5 
Gam. fructose per kilogram per hour in two subjects, at 0.75 Gm. fruetose per 
kilogram per hour in a third subject, and at 0.4 Gm. fructose per kilogram per 
hour in the fourth subjeet. Hepatie blood flow was determined by the brom- 
sulfalein method, an extraction ratio of at least 60 per cent being exhibited 
by each subject. Blood samples were withdrawn from the antecubital veins, 
the right hepatie vein, and from warmed finger-tip capillaries; samples were 
taken at the beginning of fructose infusion, at twenty, twenty-five, and thirty 
minutes, at sixty minutes, and for the fifteen minutes following the cessation 
of infusion. Blood levels of fructose, glucose, pyruvate, lactate, flavinadenine 
dinucleotide (FAD), and diphosphopyridine nucleotide (DPN) were deter- 
mined. 

The results of these studies demonstrate that: (a) Under the different 
loading doses of fructose used in these experiments the splanehnie bed con- 
stantly removes 40 to 45 per cent of the total fruetose reaching it per unit 


time. (b) The phenomenon of back diffusion of fructose, constantly noted in 
the peripheral circulation, does not occur in the splanchnic bed. (e) In re- 
sponse to fructose infusion the concentration of lactic acid in hepatie venous 


blood inereased by approximately 25 per cent, the hepatic venous concentra- 
tion of pyruvie acid increased by approximately 80 per cent, and the hepatic 
venous concentration of DPN decreased approximately 20 per cent. 

The significance of these observations is discussed. 


82. THE EFFECT OF PROCAINE AMIDE UPON AURICULAR 
FIBRILLATION AND AURICULAR FLUTTER IN MAN 


G. MiLuer, M.D., A. Pick, M.D., Aanp S. WEINBERG, M.D., Cuicaco, ILL. 


(INrROpUCED BY lL. N. Katz, M.D. 


This study was undertaken to test the efficacy of procaine amide in the 
conversion of auricular fibrillation and flutter, the restoration of sinus rhythm 
in such instanees having been previously limited to quinidine and its allies. 
Widely used in the treatment of ventricular arrhythmias, the use of procaine 
amide in auricular arrhythmias was suggested because of its demonstrated 
depressant effect on conduction and excitability of the rabbit auricular muscle. 

In twenty-three patients with various types of heart disease, procaine 
amide was tried for conversion of auricular fibrillation and flutter, of long 
and short duration, to sinus rhythm. The attempt proved successful in six 
of thirteen cases with chronie auricular fibrillation and in 100 per cent of cases 
with paroxysmal] fibrillation or flutter. In the majority of cases, the conver- 
sion occurred on oral medication, used according to a certain dosage scheme, 
details of which will be presented. Electrocardiographie studies revealed 
that the action of procaine amide upon the auricular and ventricular mech- 
anism is very similar to the weil-known effects of quinidine. Thus, slowing of 
the auricular rate, transient conversion of auricular fibrillation to flutter, and 
Q-T prolongation were seen, as well as a discordant effect on auricular and 
ventricular rate. In two eases of auricular fiutter slowing of auricular and 
increase in ventricular rate cause a stage of rapid ventricular rate due to 1:1 
A-V conduction and imitated the electrocardiographie pattern of paroxysmal 
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tachyeardia of ectopie origin. Examples of these electrocardiographie changes 
will be shown. Although clinical symptoms of toxicity occurred, no electro 
eardiographie manifestations of toxicity (ectopie impulse formation, I-V 


block, ete.) were seen in the present study. 


88. COMPARISON OF THE METABOLIC EFFECTS OF FRUCTOSE 
AND GLUCOSE ADMINISTERED INTRAVENOUSLY TO 
NORMAL AND DIABETIC SUBJECTS 


Max Miuuer, M.D., Winmui1am R. Drucker, M.D. (By Invitation), J. E. OWENS, 
M.D. (By Invitation), JAMES W. Craic, M.D. (By INviratIon), AND 
Hiram Woopwarp, Jr., B.S. (By Ixviration ) 

(CLEVELAND, OHIO 


The demonstration by Cori that insulin influences the phosphorylation of 
glucose and that separate hexokinases for glucose and fructose exist in liver 
and musele, raised the possibility that fructose might be better utilized than 
glucose in diabetic subjects. Accordingly, similar amounts of fructose and 
glucose were administered intravenously to five diabetic subjects. Three nor- 
mal subjects were used for comparison. 

In the normal subjeets fructose produced a much greater rise in blood 
pyruvate, and a rise rather than a fall in plasma citrate, as compared with 
glucose. The fructose disappeared more rapidly from the blood stream during 
the period of infusion, since the blood level of fruetose increased only half 
as much as the levels of glucose. Similar amounts (<10 per cent) of fructose 
and glucose appeared in the urine. 

In the diabetic subjects, in the absence of insulin, fructose produced the 
same rise in pyruvate as was found in normal subjects, while glucose produced 
either a slight or delayed rise. Increases in plasma citrate after fructose ad- 
ministration were similar to those in normal individuals. The blood disap- 
pearance curve of fructose and the amount of fructose excreted in the urine 
in patients with diabetes were the same as in normal subjects. Fructose ad- 
ministration invariably produced a fall in serum inorganic phosphorus, while 
a fall did not usually oceur after glucose. The increase in blood glucose after 
fruetose injection was higher in diabetic subjects than in nondiabetie indi- 
viduals. 

These studies indicate that (a) the metabolism of fructose differs from 
that of glucose in hoth the normal and diabetie subject, and (b) the metabo- 
lism of fructose in the person with diabetes is similar to that in the normal 
person, even in the absence of insulin. The observations are consistent with 
the theory that the phosphorylation of glucose to glucose-6-phosphate is im- 
paired in diabetes, while the phosphorylation of fructose, which is uninflueneed 
by insulin, proceeds at a normal rate. 
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84. USEFULNESS OF SERUM CHOLINESTERASE DETERMINATION 
IN LIVER DISEASE AND MALIGNANCY 


Davip W. MoLaANnpER, M.S., M.D., Max FRIEDMAN, PH.D.,. Anp 
JOHN S. LaADusr, M.D., Pu.D., New York, N. Y. 


INrrRopUcED BY Louris LErrerR. M.D 


Serum cholinesterase aetivity has been determined in 120 normal controls 
and in 100 other patients by a colorimetrie method that compares favorably with 
Michel’s potentiometric method. In addition, several other standard liver fune 
tion tests have been determined. 

Low levels have been found in patients with acute parenchymal liver disease. 
The levels have varied in cirrhoties. In patients with widespread metastatie ear 
cinoma with metastases to the liver, low levels have generally been found. In 
eases of lymphoma with liver involvement, low levels have been consistent], 
seen. In general, in patients who have more extensive disease, lower levels have 
been observed than in those with less involvement. In patients with lymphoma, 
serum cholinesterase levels have progressed toward normal with treatment and 
clinical improvement. 

In some Cases where the other liver function tests have not been greatly 
altered, the serum cholinesterase has been low and has been a useful guide to the 
elinician in planning the management of these patients. Serum cholinesterase 
activity has been helpful in interpreting the values of other liver function tests, 
particularly in patients with parenchymal liver disease and intrahepatie biliary 
obstruction where elevated alkaline phosphatase levels may falsely lead to 
surgical intervention. 

The distinet clinical impression has been gained that serum cholinesterase 
activity is a further useful liver function test in deteeting liver disease, in 
following improvement in eases of lymphoma with liver involvement, in evaluat- 
ing patients with possible liver metastases, and finally in differentiating the 
etiology of ji undiece in various patients. 


85. ANTIBACTERIAL SUBSTANCES IN GENITOURINARY 
TRACT SECRETIONS 
IfeERBERT R. MorGan, M.D., Aanp Patt W. Taytor, A.B. (By INviration 
ROCHESTER, N. Y. 


Iftuman semen and prostatie fluid have been shown to inhibit the growth 
of Ne ISSe ria gonorrhea, Staphylo OccuUs AUreUS, Esc he ru h ud cola, Bac illus cereus, 
and Micrococcus lysodeikticus. This inhibitory action appears to be due to at 
least two factors. N 

One faetor is (a) heat labile being destroyed at 100° C. for ten minutes, 
(b) extraectible by acid aleohol, and (e) primarily active against M. lyse 
deikticus. It appears either to be lysozyme or a lysozyme-like substance. A 
similar factor has been demonstrated in amniotie fluid, vaginal washings, and 
eervical mucus which also possesses the characteristics of lysozyme in its activity 
against MW. lysedeikticus and heat lability. 

A second factor present in human semen and prostatie fluid is: (a) quite 
heat stable, resisting heating up to 100° C. for thirty minutes, (b) not extraetible 
by acid aleohol, and (¢) exerts its most marked inhibitory effeets against SN. 
aureus, E. coli, N. gonorrhea, and B. cereus. This material appears clearly 
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distinguished from lysozyme. Its spectrum of antibacterial activity suggests 
that it may plav a role in the prevention or control of genitourinary infee 


tions. 


86. THE EFFECT OF AMINOPHYLLINE ON CEREBRAL HEMO.- 
DYNAMICS IN THE PRESENCE OF CARDIAC FAILURE AND 
CHEYNE-STOKES RESPIRATION 
JOHN H. Mover, M.D., Houston, TExas 


(INTRODUCED BY JAMES A. GREENE, M.D.) 


The effect of theophylline with ethylenediamine (aminophylline) on cere 
bral hemodynamics was evaluated in fifteen patients with cardiae failure, five 
of whom exhibited Cheyne-Stokes respiration. Cerebral blood flow was 
determined by the nitrous oxide method. Cerebral arterial and venous blood 
oxygen and carbon dioxide content were determined. Spinal fluid pressures 
were evaluated before and after the drug. During the control studies, the 
cerebral blood flow was found to be decreased. There was no apparent differ- 
ence between those patients exhibiting an irregular respiratory rhythm and 
those exhibiting a regular one. Contrary to the usually aecepted opinion, 
aminophylline greatly increased the cerebrovascular resistance, and as a 
result further depressed the amount of blood (85 per cent) flowing through 
the brain. This was likewise reflected in a decrease of the spinal fluid pressure 
(40 per cent). Despite an increase in the cerebral arteriovenous oxygen differ- 
ence, this compensation was inadequate. As a result, the total cerebral 
oxygen consumption decreased below control values for these same patients. 
The arterial and venous carbon dioxide did not change significantly. There 
was no difference in response between those patients exhibiting Cheyne-Stokes 
respiration and those showing regular rhythm. The ability of aminophylline 
to arrest Cheyne-Stokes respiration therefore cannot be attributed to an in- 
crease in cerebral blood flow. It is probably a direct effect of the drug on 
the respiratory center. 


87. STUDIES ON HUMAN BLOOD STORED IN PLASTIC BAGS 


R. O. Muveruer, M.D., ANNE J. Sommer, B.S. (By Invitation), BERNICE 
Koster, B.S. (By INviITaTIon), AND Patricia THomas, B.S. (By INviITATION), 
Sr. Louis, Mo. 


? 


Plastic bags for blood preservation were originally supplied to us with 
sufficient powdered ACD formula for 500 ml. of blood. This was unsatisfae- 
gem tory because the blood hemolyzed at once and could not be used. The addition 
sof 50 ml. of sterile distilled water to the powder overeame this difficulty. 
Ten bloods taken in plastie bags were observed for twenty-one days. The 
fragility to saline was unchanged during the study. The sedimentation rate 
was constant. The hematocrit decreased slightly. The alteration in hematocrit 
was probably due to the death and disintegration of erythrocytes, since the ‘ 
erythrocyte count also fell 100,000 to 400,000 per eubie millimeter during the 
period of observation. The leucocyte count was essentially unchanged, al- 
though the differential count showed vacuolization and fragmentation. The 
prothrombin activity decreased slowly—after two weeks 70 per cent of pro- 
thrombin activity remained and after three weeks 30 to 35 per cent remained. 
The total protein and albumin globulin ratio was not changed. Plasma 
calcium, sodium, and potassium were followed with the flame photometer. 
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The calcium increased slightly but not more than 0.8 milliequivalent per liter. 
The plasma sodium fell moderately during storage and the plasma potassium 
inereased—a fivefold inerease usually was noted. The sugar concentration 
fell during storage; the decrease, however, seldom exceeded 50 mg. in twenty- 
one days. 

Blood stored in plastie bags for twenty-one days and given to patients 
caused no untoward reaction and was entirely satisfactory. 

It would seem from these studies that the changes which occur in blood 
stored in plastic bags are similar to those which occur when blood is stored 
in glass, but the rate of change is somewhat slower. 


88. CARDIAC OUTPUT VERSUS THEOPHYLLINE BLOOD LEVELS 
FOLLOWING THE ADMINISTRATION OF AMINOPHYLLINE 
L. A. NALEFSKI, M.D., anp W. B. Rupy, M.D., Cuicaco, ILL. 
INTRODUCED BY N. C. GILBERT, M.D. 


With the introduction of the ultraviolet absorption technique of de- 
termining xanthines in blood by Schack and Waxler in 1949, a rapid method 
for the determination of theophylline in blood became available to us. Several 
investigators in the past have shown by various methods that cardiae output 
is Inereased for short periods of time following the administration of amino- 
phylline. In none of these studies, however, was it possible to correlate this 
increased cardiac output with the concentration of this drug in the blood. We 
therefore attempted to repeat these experiments to see to what extent various 
blood levels of theophylline influenced cardiae output. 

Seven young normal adults were given 0.5 Gm, of aminophylline in- 
travenously, and were then observed for two hours. Cardiae output was 
determined with a high-frequency, undamped ballistocardiograph as described 
by Starr. The ballistic patterns were recorded through a Cambridge string 
galvanometer electrocardiograph. Vital capacity, blood pressure, pulse, and 
theophylline blood levels were also determined at frequent intervals during 
the period of investigation. 

Cardiae output as determined by this technique agreed well with those 
results reported by other investigators. In six of the subjeets studied, there 
was a rapid initial inerease in eardiae output which reached a peak within 
five minutes. Tollowing this, the output slowly subsided for a period of fifteen 
minutes and then became stable at a level somewhat above that of the control 
period. The remaining subject showed an initial fall in minute volume output 
with a delayed rise to well above the control value. The concentration of the 
theophylline in the blood also reached a peak within five minutes after its ad- 
ministration, and then sharply diminished during the following thirty minutes. 
Cardiae output, however, decreased more rapidly than did the theophylline 
blood coneentration. There was a transient and slight increase in systolic 
blood pressure which paralleled the cardiae output. Vital eapacity and cardiac 
rate remained unchanged. 

It is concluded from these experiments that the increased ecardiae output 
following the administration of aminophylline is associated with the higher 
eoncentrations of the drug found in the blood. 


























PROCEEDINGS OF TWENTY-FOURTHE ANNUAL MEETING 
89. METABOLIC AND PILYSIOLOGIC EFFECTS OF QUININE AND 
QUINIDINE ON THE CARDIOVASCULAR SYSTEM 


lL. A. NALEFSKI, M.D. (By Invitation), H. M. Ricu ter, Jr., M.D. (By 
INVITATION), AND N. C. GinBert, M.D., Cuicaco, In. 


Currently it has been noted that quinidine as well as quinine is being 
used with greater frequency in the treatment of cardiae disorders. Contrary 
to earlier teachings, these drugs are used today with little regard to the 
possible development of serious and undesirable side effects or for their 
therapeutic indications. Tor several centuries the cinchona alkaloids have 
heen recognized as being general protoplasmic poisons. However, since these 
drugs do possess important therapeutic effects, it was felt that further investi- 
gations pertaining to their pharmacodynamic properties should be made. 

The effeet of quinine and quinidine on the metabolism of rat heart slices 
was studied by determining the oxygen consumption of this tissue in the 
Warburg apparatus. The heart slices were suspended in a modified Krebs- 
Ringer solution buffered with phosphates and containing glucose. After satis- 
factory controls were established, increasing amounts of quinine and quinidine 
salts were added to the substrate. The concentrations used were those ordi- 
narily considered to be subelinieal, clinical, and toxie. 

The results obtained from these experiments showed that quinine and 
quinidine inhibit the metabolie processes of eardiae tissue by markedly de- 
creasing their oxygen consumption (Slides). It was also found that while 
quinine in subelinieal amounts actually inereased oxygen consumption, quini- 
dine in all concentrations used depressed cardiae metabolism. When all of the 
QO. values obtained in these experiments were compared, it was concluded that 
quinidine was more active in depressing cardiae metabolism than was quinine. 
These latter data may therefore explain the more profound therapeutic effeet of 
quinidine in cardiae arrhythmias. 

In experimental work upon animals the depressing action of quinine and 
quinidine was further demonstrated. It was found that the coronary flow 
volume and blood pressure were sharply decreased following the administra- 
tion of these drugs. The stroke volume remained unchanged, but the pulse 
was slowed. Arrhythmias appearing in some of the animals during the 
experiments were abolished (Slides) 


90. AMINES IN EXPERIMENTAL HYPERTENSIONS 
IK. A. OHLER, M.S. (By INVITATION), AND G. E. WAKERLIN, M.D., Pu.D.., 
Cuicaco, ILL. 


Since pressor amines have frequently been implicated in the pathogenesis 
of experimental renal hypertension, it was felt that the administration of amines 
might result in the increased enzymatie destruction of such amines either in the 
kidney or peripheral receptor organs. 

A sympathomimetrie amine, Paredrine Hydrobromide (p-hydroxy-e-methy] 
phenethylamine hydrobromide), had antihypertensive activity in fourteen renal 
hypertensive dogs. Paredrine was administered daily in a 4 mg. per kilogram 
dose by intramuscular, subcutaneous, or oral routes for one to thirty-six months. 
In twenty-one experiments involving fourteen dogs, the maximal reduction in 
blood pressure averaged 33 mm. Ilg. Three neurogenic and two spontaneous 
hypertensive dogs exhibited an average maximal reduction in blood pressure 
of 41 mm. Hf[g during the administration of Paredrine. Only one {Paredrinol 
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(l-parahydroxyphenyl-2-methylaminopropane sulfate)] of fifteen other closels 
related amines tested for antihypertensive activity showed any evidence of 
lowering the blood pressure ot renal hypertensive dogs. 

An attempt to prevent the development of experimental renal hypertension 
with Paredrine administration failed, since all six dogs of the prophylactic series 
developed some degree of hypertension and this did not statistically differ from 
that of an untreated control eroup. Paredrine was administered to eight normo 
tensive dogs for periods varying from three months to six months without 
significantly altering blood pressure levels. 

Attempts to find pressor neutralizing substances in the serum of dogs on 
Paredrine treatment were unsuccessful. The sensitivity to certain pressor 
amines was reduced in dogs during the period of administration with Paredrine 
and other amines. Such changes in amine sensitivity did not parallel anti 
hypertensive effects. Renal funetion studies were carried out in four renal 
hypertensive dogs before therapy and while on treatment with Paredrine. No 
consistent change was observed in renal plasma flow or glomerular filtration rate. 
By means of adrenal aseorbie acid assays in the intact rat, it was shown that 
Paredrine causes maximal depletion of the adrenal ascorbic acid. In hypophy 
sectomized rats, no depletion was observed following the administration of 
Paredrine. 

These results suggest that experimental renal, neurogenic, and spontaneous 
hypertensions have some similar pathogenetic bases. 


91. TREATMENT OF GOUT WITIL BENEMID 


> 


LUKE R. Pascaue, M.D. (By Invitation), ALvin Dustin, M.S. (By INvitatiIon ) 
AND WILLIAM S. Horrman, M.D., Cuicaco, ILL. 


The therapeutic value of Benemid (Sharp & Dohme) p-(di-n-propyl- 
sulfamyl)-benzoie acid, as a urieosurie agent was studied in twenty patients 
with recurrent gout or chronic gouty arthritis over a period of six months. 
With a dose of 2 Gm. daily, serum urie acid fell within forty-eight hours to 
about 50 per cent of the original stabilized concentrations. Urie acid clearance 
was enhanced two to four times. On continued therapy urie acid exeretion 
returned toward control amounts, but serum urie acid remained around nor- 
mal. When Benemid was withdrawn, serum uric acid returned to original 
levels within seventy-two hours. Three patients with diminished glomerular 
funetion showed no uricosuric response to Benemid. When salicylates were 
given simultaneously with Benemid, the uricosurie effect was completely 
blocked. 

Therapeutically, Benemid proved of greatest value in ehronie gouty 
arthritis. Joint movement improved progressively, pain subsided, and tophi 
appeared to regress. The two bedridden patients were able to walk, three 


more to return to full work. Acute attacks occurred with decreasing fre- 
quency and intensity. In nontophaceous gout, aeute attacks were found to 


oceur during therapy, but since the frequency seemed to diminish after months 
of maintenance at low serum uric acid levels, these acute attacks may have ve 
eurred in spite of rather than because of Benemid. Colehicine or ACTH 
(corticotrop n-Wilson) controlled acute attacks while Benemid therapy Was 
continued, 

No significant or consistent changes occurred in the serum electrolyte 
concentrations during prolonged therapy. No abnormalities in the blood cell 
distribution were found. Liver and renal funetion tests remained normal. 
One patient developed a skin rash whieh disappeared despite continued 
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therapy. In one patient a mild hematuria occurred from urate crystals during 
the first stage of therapy. It was controlled by the use of alkalis. 

Only five patients could be maintained satisfactorily on 2 Gm. Benemid 
every other day. All other patients required 2 Gm. daily continuously in order 
to prevent re-elevation of serum urie acid levels 


92. DEAGNOSTIC VALUE OF PUNCH BLOPSY OF SYNOVIAL 
MEMBRANE 


Hfowarp F. Potuey, M.D., Wituiam HH. BicKeu, M.D. (By INVITATION), AND 
Mancoum B. Docxerty, M.D. (By INviration), RocHESTER, MINN. 


With an instrument devised for this purpose, punch biopsy of synovia has 
heen performed 130 times on one or more joints of 108 patients ranging in 
age from 3 to 71 vears. In nearly all instances (128) the procedure has been 
earried out on one or both knee joints, but the instrument has been used 
successfully also on the elbow and shoulder joint. 

The instrument is introduced aseptically through a smal] stab wound; 
operative incision is not needed. Local anesthesia was used sixty-five times, 
veneral anesthesia sixty-five times. Postbiopsy morbidity or synovial bleeding 
were not significant in any case. Synovial specimens usually measured 2 to 5 
mm. wide and 3 to 7 mm. long. 

Synovial tissue secured by 112 (86.2 per cent) of the 150 procedures was 
satisfactory for histologic and bacteriologie examination, that seeured by 
four procedures (3.0 per cent) was insufficient, and none was seeured by 
fourteen procedures (10.8 per cent). The specimen obtained by the punch 
procedure was as satisfactory for diagnosis as that obtained by operative pro- 
cedures in each of eleven patients so examined. However, the punch procedure 
will not supplant arthrotomy in all instances. 

Punch biopsy of synovia confirmed the clinical diagnosis in forty-nine of 
sixty-one examinations (80.3 per cent). An indeterminate elinical diagnosis 
was clarified as a result of thirty-seven of sixty-nine procedures (55.6 per cent). 
Diagnoses included rheumatoid arthritis, svnovial tuberculosis, gouty arthritis, 
osteoarthritis, osteochondromatosis, and normal synovia. 

Satisfactory examinations will permit more complete study of various 
stages of different articular diseases as well as the effects on synovia of 
various treatments. Results to date justify the inelusion of synovia among 
tissues readily accessible to punch biopsy procedure. 


93. IMPORTANCE OF DOSAGE IN PROLONGED ORAL ADMINISTRA- 
TION OF CORTISONE IN RHEUMATOID ARTHRITIS 
Howarp F. Potiey, M.D., L. EMMERSON Warp, M.D. (By INvITATION), CHARLES 
If. Stocums, M.D. (By INviratTion) AND Putuie S. Hencnu, M.D.. 
ROCHESTER, MINN. 


Of 100 patients with rheumatoid arthritis to whom cortisone was ad- 
ministered orally, ninety-nine had an effective antirheumatic response ; twenty- 
seven of these patients also received cortisone intramuscularly either before 
or after oral administration. The required doses, antirheumatie effeets, and 
physiologic effects of cortisone given orally and intramuscularly are similar. 

Oral use of cortisone in divided doses during the twenty-four hours per- 
mitted adaptability to meet varying individual requirements. Initially, the 
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smallest effective dose of cortisone ranged from 37.5 to 200 mg. daily for 
seventy-two patients to whom cortisone was effectively given only orally. 
Doses of 75 me. or less daily were satisfactory lor twenty-two patients (30.9 
per cent); for sixteen of them the dose was 50 mg. or less daily. Many of 
the fifty patients (69.4 per cent) who were given 100 mg. or more originally 
would now be given smaller doses. Maintenance doses, continued up to twelve 
months, ranged from 25 to 100 mg. daily. Daily maintenance doses were 50 
me. or less for thirty-eight (53 per cent) of the seventy-two patients, from 
62.5 to 75 me. for twenty-four patients (35 per cent) and from $7.5 to 100 me. 
for only ten patients (14 per cent 

In no instance was use of cortisone discontinued because of ‘‘side effects”’ 
or hypereortisonism. Hlowever, acceptance of side effects did not insure 
ereater antirheumatic effects; actually, in long-term usage the contrary may 
prevail. That the physiologic effects of cortisone are a function of dosage is 
illustrated by the occurrence of side effeets in 63 per cent of patients receiving 
7 me. or more daily as compared to their occurrence in only 21 per cent of 
those patients receiving 62.5 mg. or less daily. In the treatment of a chronic 
disease, sueh as rheumatoid arthritis, there is merit in avoiding the various 


side effeets resulting from hypercortisonism. 

The oral administration of ecrtisone in small, varying, individualized 
doses, short of significant side effeets, can be maintained for a vear or longer. 
Such a plan appears useful in the management of many cases of rheumatoid 
arthritis. 


94. THE EFFECT OF LIVER DAMAGE UPON INTESTINAL 
ABSORPTION OF CTILOLINE 


Hans Porrer, M.D., JESUS DE LA HuerGa, M.D. (By INvITATION), AND 
DIETER Kocu-WeEsER, M.D. (By Invitation), Cuicaco, Inu. 


Previously it has been shown that after oral administration of a test dose 
of choline to normals almost none appears in the urine, but approximately 60 
per cent (expressed on nitrogen basis) is exereted in the urine as trimethylamine 
or mostly trimethylamine oxide, both of which have no lipotropie activity. Sinee 
the urinary trimethyvlamines excretion was depressed following administration of 
antimicrobial agents, and sinee intravenous administration of choline led to 
urinary excretion of choline but not of trimethylamine, it was assumed that 
the bulk of the trimethylamines was formed from choline by intestinal bacteria. 

In liver diseases of various types, the urinary trimethvlamines excretion 
after choline intake was found to be considerably depressed. In these condi- 
tions ingested trimethylamine is readily exereted. Since no choline could be 
found in the feces, and since trimethylamine is not broken down by intestinal 
bacteria, an increased absorption of choline in liver diseases was assumed, 
either as a result of altered bacterial action leaving more choline for absorp- 
tion, or as a result of increased intestinal absorption leaving less choline 
for bacterial breakdown. 

To clarify the effect of liver damage itself upon choline absorption, ex- 
periments were performed on rats which were found to exerete about 40 per 
cent of administered choline as trimethylamines. Administration of atropine 
ind prostigmine did not alter the trimethylamine exeretion exeluding the 
effect of altered intestinal motility. Acute liver damage, by carbon tetra- 
chloride or ethionine, was without influence, while chronie liver damage pro- 
dueed by carbon tetrachloride, ethionine, butter vellow, bromobenzene, or high 
fat-low protein diets, consistently reduced the trimethylamines exeretion 
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after choline intake without appearance of choline in the feces. This de- 
pression of the trimethylamine excretion is not an expression of choline de- 
ficieney, since in choline-deficient rats with fatty liver the trimethylamine 
excretion was normal, and since short choline treatment removes tat from 
the liver of rats on high fat-low protein diets without altering the reduced 
trimethylamines exeretion. It is concluded that chronie liver damage alters 
intestinal function resulting in increased choline absorption. 


95. BONE MARROW ANALYSIS IN) 100 CASES OF [DIOPATHIC 
THROMBOCYTOPENIC) PURPURA WITH REFERENCE TO TITLE 
PROGNOSTIC SIGNIFICANCE OF EOSINOPHILS AND 
MEGAKARYOCY TES 


» 


SOPHIE J. PRESLEY, M.D. (By INvITATION), WituiAM R. Best, M.D. (By 


INVITATION), HENRY G. PoNCHER, M.D., ANp Louts R. Limarzr, M.D., 
CHiIcaco, Inu. 


An increase in bone marrow eosinophils and megakaryvoeytes have both 
been reported as indices of prognostic significance in idiopathic thrombocytopenic 
purpura. To study this further, bone marrow findings were reviewed in 100 
patients with this disease, thirty-four male and sixty-six female, ages 13 months 
to 73 years, and a comparable control group of fifty normal individuals. The 
prevalence of eosinophils at the metamyveloecvte and segmented stages to neutro- 
phils of the same degree of maturation (late stage granulocytes) was based on 
a total count of 1,000 cells and converted into percentage. The same method 
was applied to progranulocyte through myelocyte stages (early stage granulo- 
cytes) and percentage of eosinophils calculated. In conformity with previous 
reports ‘‘high’’ eosinophil concentrations are taken as those greater than 5.5 
per cent of late-stage granulocytes. 

Of the 100 cases studied, 56 had a so-called high eosinophil percentage ; 
80 per cent of these had a favorable outcome (spontaneous remission or 
successful splenectomy), eight remained in the ehronie phase, two were unim- 
proved after surgery, and one died despite splenectomy. In the remaining 
group of forty-four patients with low eosinophil percentage, 66 per cent had a 
favorable outcome, nine remained chronic purpura, two died (no surgery), 
two were unimproved after surgery, and two died following splenectomy. 
There is a tendency to spontaneous remission in the young age groups. No 
statistically significant differences were found in bone marrow. eosinophils 
with regard to age. 

Splenectomy was performed on forty-six patients, twenty-two in the 
high eosinophil group and twenty-four in the low eosinophil group, with good 
results in 86 per cent and 83 per cent of cases, respectively. The distribution 
of eosinophil percentages for both early- and late-stage granulocytes in the 
control groups were not significantly different from that of patients with 
idiopathie thromboeytopenie purpura. 

Normal or increased number of megakaryocytes were found in 95 per 
cent of the patients. The megakaryocytes in these patients prior to splenee- 
tomy, except for deficient platelet formation, showed no significant morpho- 
logie variation from normal. 

Conclusions.—(1) Degree of marrow eosinophilia is not a reliable index 
of prognosis in idiopathie thromboeytopenie purpura. (2) The number of 
megakaryocytes or their maturation dispersion is of little prognostic significance, 
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96. THE EFFECT OF |-NOR-ADRENALINE ON RENAL 
HEMODYNAMICS 


THEODORE N. PULLMAN, M.D., WiLLIAM W. McCuure, M.D., anpb 
DorotHy B. Winpuorst, A.B., CHicaco, IL. 


INTRODUCED BY ALF S. ALVING, M.D. 


Intravenous infusions of |-nor-adrenaline were administered to six normal 
young men by calibrated constant-speed infusion pump. Inulin and PAH 
clearances were performed on each subject during ten suecessive clearance 
periods. After two control periods, during whieh the infusion fluid consisted 
ot saline alone. four successive pairs ot clearance periods were performed, 
utilizing a nor-adrenaline solution containing 5 to 10 micrograms per cubic 
centimeter. Stepwise increments in rate of infusion were made at the ends of 
each pair of periods. The dosage range studied varied from 2.0 micrograms 
per minute to 18.5 micrograms per minute. The periods were approximately 
ten minutes in length and were performed under copious water diuresis in 
order to minimize errors in urine collection. Blood pressures were taken at 
one-minute intervals by sphyegmomanometer. 

All six subjects behaved similarly. Blood pressure rose at each increment 
of nor-adrenaline infusion rate and attained equilibrium within a few minutes. 
The average control pressure was 115/79 mm. He. This rose to an average of 
156/104 during the periods of highest dose administration. 

Glomerular filtration rate remained essentially constant. Effeetive renal 
plasma flow and renal whole blood flow showed progressive diminution with 
increasing nor-adrenaline dose, achieving 30 to 50 per cent reduction of control 
values in the higher dosage ranges. Suecessive decrements in plasma flow 
tended to diminish as dosage increased. Filtration fraction progressively rose 
as infusion rate increased, reaching values 50 to 110 per cent greater than 
control figures. These dose-response curves also showed a tendency toward 
diminishing increments of response to each successive dosage increment. 

Renal afferent and efferent arteriolar resistances, as calculated by the 
Lamport formulas, both showed marked increases with nor-adrenaline dose. 
The former inereased 75 to 225 per cent at the higher dose levels, and the 
latter increased 115 to 740 per cent at comparable dose ranges. These dose- 
response curves roughly exhibited the same general characteristics as those for 
filtration fraction. 


97. ESTIMATION OF THE TIME OF EQUILIBRIUM OF DISTRIBUTION 
OF LONG-LIFE RADIOCHLORINE AND RADIOSODIUM IN MAN 
WITH AND WITHOUT CHRONIC CONGESTIVE HEART 
FATLURE 
C. T. Ray, M.D., G. E. Burcu, M.D., anp S. A. TrrEEroot, M.D. (By 
INVITATION), NEW ORLEANS, LA. 


Determination of total electrolyte masses and spaces in intact man have 
usually been inaccurate for lack of knowledge of time required to complete 
distribution of administered electrolyte or tracing substance. Estimation of 
time of equilibrium of distribution of electrolytes is needed for better under- 
standing of their metabolism. Availability of Cl°° and Na®*, long-life forms, 
made possible for the first time observations of sufficient duration to estimate 
their time of equilibrium of Ccistribution. Six subjects (two controls, four with 
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congestive heart failure) were studied continuously over seventy days with 
(‘1° under controlled conditions. 

Since it is not possible to sample all body chloride compartments directly 
to determine the time specific activity equalizes, two ‘‘indireet’’ methods 


were applied. (a) When equilibrium of distribution is obtained the serum 
concentration of tracer declines at a single exponential rate, primarily excre 
tory. Daily sampling of blood permitted measurements of equilibrium 
time to nearest twelve to twenty-four hours. (b) When chloride space 
(tracer injected tracer exereted 


becomes constant, equilibrium of distribu 
serum concentration 


tion was assumed to exist. Similar analyses were made with Na*® on five non- 
edematous subjects. 

The data indieate: (a) Cl reached equilibrium of distribution in thirty- 
six to sixty hours in the control subjeets and sixty to one hundred twenty 
hours in those with congestive failure by first method and twenty-four to 
forty-eight hours in former group by second method, congestive failure tend- 


ing to prolong this time. (b) Na®? reached equilibrium in thirty-six to sixty 
hours. (¢) Urine specific activity is no index of time of distribution. (d) 
Dietary intake influenced equilibrium of distribution and measurable space 
and it should be controlled. (e) With low Cl intake, some compartments 


exchange less readily and equilibrate more slowly than when intake is high. 
(f) Equilibrium of distribution may never be established because of large com- 
partments with turnover slower than excretion. (g@) Because of considerable 
variations in serum coneentration with changing compartment size, congestive 
failure offered difficulties in estimation of time of equilibration. (h) For 
the measurements of chloride or sodium space or total mass using tracers, three 
days should be allowed for equilibrium of distribution, five days for greater 
aecuraey, 


98. ANTITHYROTROPE AND ANTIGONADOTROPE ACTIVITY OF 
PARA-HYDROXYPROPIOPHENONE IN HUMAN BEINGS 


Ropert M. Rees, M.D. (By Invitation), AND WILLIAM H. BETrERWALTES, M.D., 
ANN ArRBor, MICH. 


Recently, Perrault reviewed seventeen references in the foreign literature 
on the use of p-hydroxypropiophenone, a synthetic inhibitor of thyrotrope and 
gonadotrope production by the pituitary. It was thought to exert antipitu- 
itary effect in a manner similar to diethylstilbestrol. They reported dramatic 
improvement in the state of patients with exophthalmie goiter and malignant 
exophthalmos during the administration of p-hydroxypropiophenone, No 
formal reports have been made in American literature on this drug. 

Five euthyroid postmenopausal women aged 52 to 61 years were subjected 
to control studies consisting of three consecutive quantitative follicle stimu- 
lating hormone (FSH), basal metabolie rate (BMR), plasma cholesterol, and 
serum protein-bound iodine (PBI) determinations. Each patient was then 
viven one gram of p-hydroxypropiophenone orally each day for two weeks. 
The dosage was then increased to two grams daily for an additional two weeks. 
The above indices of TSH and FSH funetion were repeated at weekly inter- 
vals during therapy and at three days and seven days after cessation of ther- 
apy. The plotted data show a trend consisting of increasing TSH effect (in- 
creasing PBI and BMR and decreasing plasma cholesterol) and a concurrent 
decreased FSH effect. During the next two weeks of drug administration, 
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these values returned 10 base line, with oceaslonal overshoot. The ISH fol- 
lowed this trend most constant from patient to patient; the plasma cholesterol 
less so, and the BMR and PBI least. 

In addition to these observations on euthyroid individuals, six patients 
were studied who had disease states presumably associated with increased 
TSH production. Three had malignant exophthalmos and three had exoph 
thalmice goiter. Control exophthalmometer measurements, plasma cholesterol, 
PBI. and radioactive iodine uptake determinations were done before starting 
p-hydroxypropiophenone in dosage of two grams per day. Treatment was 
continued for one to four months. Repetition of control observations at the 
end of the treatment period showed no change in the general ¢linieal state nor 
in the above laboratory indices of TSH function in these patients. 


99 STUDY OF THE IN VITRO ACTIVITY OF ANTIBIOTICS AND 
SULFONAMIDES AGAINST MICROORGANISMS OF 
THE URINARY TRACT 
Paut S. Ruoaps, M.D., Cart FE. Biturmncs, M.D. (By INVITATION), AND 
Doris M. Apatr (By Inviratrion), CHreaco, Inn. 


In a recent study of the clinical and bhacteriologic results in a series of 
159 urinary tract infections treated with various antibiotics, sulfonamides and 
combinations of antibiotics with each other and with sulfonamides it was ap- 
parent that bacteriologie ‘cures’ were effected more often with combination 
treatment than with a single agent used alone. In general, results of treat- 
ment were best when the agent or agents found by in vitro tests to be most 
effective against the organism in question were used. 

The present preliminary report gives the results of in vitro tests in which 
various dilutions of penicillin, streptomycin, aureomyein, chloramphenicol, 
and terramyein, and the combinations of each of these agents with each of 
the others in comparable total dosage were added to equal amounts of cultures 
yf microorganisms obtained from catheterized urine taken from persons who 
had urinary tract infections. Similar titrations were made using Gantrisin 
and a combined sulfonamide (equal parts of sulfadiazine, sulfamerazine, and 
sulfamethazine) and the combinations of these two sulfonamide preparations 
with all the above-mentioned antibioties in the same way. 

Enough tests were run to draw tentative conclusions regarding the senst- 
tivity of E. coli, Streptococcus fecalis, the combination of FE. coli and Strepto- 
coceus fecalis—whieh is so often encountered in urinary traet infections—and 
Pseudomonas aeruginosa. 

Aureomyein used alone was the most effective agent against EF. coli in the 
in vitro tests. For the most part combinations of antibiotics used in equal por- 
tions totaling the same dose as that of the single antibiotie with which their 
efficacy was heine compared were more effective than a single antibiotie alone 
The order of efficacy of the various agents against the microorganisms listed 
above will be shown. 
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100. A CENTRAL NERVOUS MECHANISM ADJUSTING BLOOD 
PRESSURE BY TUMORAL MEANS 


S. RopsBarp, M.D., anp H. Sark, B.S., Cuicaco, ILL. 
(INTRODUCED By L. N. Katz, M.D.) 


Our studies on the mechanism of arterial hypertension have led us to an 
analysis of central mechanisms regulating the blood pressure. Utilizing the 
technique of increased intracranial pressure, we found evidence for the pres- 
ence of an intracranial blood pressure receptor (Am. J. Physiol. 159: 587, 1949). 
When the intracranial pressure is raised, a pressor effect of similar magnitude 
follows. The pressor effect is not due to cerebral anoxia. This is demonstrated 
by the finding that after the maximal pressor response to anoxia has been 
produced, an inerease in intracranial pressure will result in a marked further 
increase in blood pressure. Other evidence is provided in experiments which 
show that a rise in intracranial pressure lasting for only one second is followed 
by a rise in blood pressure approximately equal to the stimulus. 

l‘urther studies indicate that the stimulation of the intracranial pressure 
receptor results in the instantaneous release of graded quantities of pressor 
materials into the blood stream. Following acute intracranial compression, a 
delay equivalent to the cireulation time is seen before the pressor effect occurs. 
Experiments in which the circulation was slowed by the induction of hypo- 
thermia showed that the lag and the circulation time are prolonged in similar 
manner, These experiments indicate that stimulation of the intracranial 
pressure receptors results in a pressure effect which is primarily humoral, 
with little or no direct neurogenie control of the peripheral resistance. The 
nature of the pressor material and its possible relationship to essential hyper- 
tension are under investigation. 


101. POSTOPERATIVE SUPRAVENTRICULAR TACHYCARDIA, 
ITS INCIDENCE, PROVOCATING CAUSES 
AND TREATMENT 
WAYNE Roacers, M.D., FELIX WROBLEWSKI, M.D., AND JoHN S. LADuE, M.D.. 
Pu.D., New York, N. Y. 


(INTRODUCED BY LouIs LEITER, M.D.) 


In the postoperative period, cardiae arrhythmias represent a serious and 
threatening complication with which the medical and surgical literature fails 
to concern itself to any appreciable extent. 

A study was made of fifty patients who manifested supraventricular car- 
diae arrhythmias following major surgery, with an effort to ascertain whether 
any predisposition to this complication exists. Specifically, past history, phys- 
ical findings, laboratory, roentgenographie and electrocardiographie studies, 
primary surgical disease and its treatment including anesthesia, operative 
duration, medications, intravenous fluids, and complications were analyzed 
to determine the role of each factor in inducing and/or precipitating the 
eardiae disturbance. 

The therapeutic management of the arrhythmias in the postoperative pe- 
riod were evaluated in in light of the duration, control, and recurrence of the 
disturbanee. The prognostic import of the complication was considered, and 
the patients’ subsequent clinical course followed. Prophylactic control during 
the preoperative and intraoperative periods is suggested. 
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102. THE DYNAMICS OF LE CELL FORMATION AS OBSERVED IN 
LIVING CELLS SUPRAVITALLY STAINED 
Ropert J. Roun, M.D... ANn WinitAm HI. Bonn, M.D... INpraANArponis, INp. 


INTRODUCED BY Pau J. Fours, M.D. 


A peculiar inclusion hearing leucocyte has been ol served in hone Marrow 
and peripheral blood of most patients with acute disseminated lupus ery 
thematosus. This cell was designated the LE eell by Hargraves. 

Previous studies for demonstration of LE cell phenomenon have required 
anticoagulants, clotting, defibrination, and/or leucocyte coneentration by 
centrifugation. Using neutral red and janus green supravital dyes, as routine 
techniques, LE cell formation has been found in four patients, in only one of 
whom was the diagnosis initially clinically suspected. 

Certain observations were made in these cases. 

(1) LE cells were found in peripheral blood and bone marrow without 
any modifieation of standard supravital technique. Occurrence was invariable 
in bone marrow, hut ineonstant in peripheral hlood. probably because ot 
peripheral leucopenia. 

(2) LE eell formation followed a standard pattern. First, was noted 
markedly accelerated mature neutrophilic leucoeytie nuclear autolysis oc- 
curring in three steps: (a) swelling and aecentuation of nuclear chromatin 
pattern, (b) disintegration of nuclear chromatin pattern with retention of 
nuclear membrane, and (c) conversion of nucleus to an amorphous mass re- 
tained along with remaining neutrophilic granules within the intact eytoplas- 
mic membrane. Secondly, this autolyzed cell was phagoecytized by one, or 
several, intact mature granulocytes. The phagocytic cells were predominantly 
neutrophils, although mature eosinophils and basophils were seen to form LE 
cells. 
Associated findings noted in these cases were leucopenia (with periph- 
eral myelocytes and irritation-type lymphocytes) and toxie bone marrow 
These findings suggested acute disseminated lupus, but were not 


9 
4 


changes. 
exclusive to this disease. 

Using supravital techniques, leucoeytie autolysis ean be seen in old normal 
preparations. This autolysis is accelerated in systemic toxemias, and follow- 
ing mechanical trauma to cell preparations. Similarly, leucocytes can be ob- 
served phagocytizing foreign particulate material, or, in acquired hemolytic 
anemias, phagocytizing erythrocytes. The concomitant appearance of aec- 
celerated neutrophilic nuclear autolysis with phagocytosis of these autolyzed 
cells by intact mature granuloeytes seems to be an exelusive feature of the LE 
cell phenomenon occurring rarely, if at all, except in acute disseminated lupus 


erythematosus. 


103. FOURTEEN YEARS OF A CLINICALLY CONTROLLED 
BCG VACCINATION PROGRAM 
Sot Roy RosentHaAL, M.D., AND MARIANNE LEPPMANN, M.D. (By Invitation). 
CHicaGco, Inn. 


A strictly controlled BCG vaccination program is presented consisting 
of 7,227 vaecinated and 7,441 controls not vaccinated. These represent new- 
borns, children, and young adults. There was a 51 to 100 per cent reduction 
in morbidity and an 81 to 100 per cent reduction in mortality from tuberecu- 
losis, depending upon the group in consideration, the amount of exposure, and 
the extent of other tuberculosis prevention methods employed. 
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Using the multiple puncture method of vaccination eliminated practically 
all complications, local or general. The conversion to tubereulin was up- 
ward of 90 per cent. 

The study evaluates the relative importance of the various methods of 
tuberculosis control indieating that BCG should be considered only as an 
adjunet to the already accepted procedures. 


104. A CLINICAL EVALUATION OF GLUCURONOLACTONE IN THE 
TREATMENT OF RHEUMATOID ARTHRITIS 
ALEXANDER N. RuaGare, M.D., Max M. Monrcomery, M.D., Evan M. Barton, 
M.D., Perer S. Mayer, M.D., AND Epwarp M1zensereG, M.D., 
CuHicaGco, ILL. 


(INTRODUCED By RoBert W. KEETroN, M.D.) 


Several reports in the literature state that glucuronic acid is of value in 
the treatment of rheumatic diseases. This study was undertaken to evaluate 
glucuronic acid in the treatment of chronic rheumatoid arthritis. 

Kleven patients with severe chronic rheumatoid arthritis who had been 
hospitalized for some time were chosen as subjects. The regular program 
consisting of salicylates, optimum diet, vitamin supplementation, physical 
therapy, occupational therapy, and general symptomatie treatment was con- 
tinued. Each patient thus served as his own control. Erythrocyte sedimenta- 
tion rates, blood counts, and goniometric measurements were made prior to 
and at the termination of the six-week treatment period. An effort was made 
to evaluate subjective changes during the course of therapy. These patients 
were given 0.5 Gm, of glucuronolactone orally four times daily. 

The sedimentation rate and white blood count showed no significant 
change in any patient. The goniometrie measurements showed no significant 
trend. There were variations in the measurements of occasional joints, some 
showing an increase and others a decrease in range of motion. In no patient 
was the increase remarkable. 

Two patients stated they felt better during treatment. Objectively there 
Was no evidence that glueuronolactone was of value in the treatment of 
chroni¢ rheumatoid arthritis. 


105. NAPHURIDE SODIUM IN TREATMENT OF PSORIASIS 
EpwarpD J. Ryan, M.D., Emporia, KAN. 


This is a report of preliminary and clinical observations on the use of 
Naphuride (Suramin) Sodium in psoriasis. 

This compound has been used with success in trypanosomiasis and in 
pemphigus. It was in treatment of the latter that its benefit in psoriasis was 
noted. 

Only three cases have been observed to date: 

Cask 1.—A_ 68-year-old woman had psoriasis for thirty years. Oral 
pemphigus had been present for four years. Shortly prior to treatment of 
pemphigus by Naphuride Sodium, the psoriasis had undergone an acute ex- 
acerbation with generalized involvement. Five injections of 1.0 Gm. of 
Naphuride Sodium were given intravenously at weekly intervals. Before com- 
pletion of the course, the psoriasis had cleared, and only an occasional sealp 
lesion has been noted in the past two and one-half years. The pemphigus 
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likewise improved and the patient at present is in excellent general health 
with only a rare and smal] lesion of the buccal mucous membrane. 

CasE 2.—A 35-year-old woman had psoriasis for ten years. She had the 
usual variety of remedies, and underwent exacerbations and remissions with 
and without relation to treatment. One month prior to treatment with 
Naphuride Sodium she had undergone an acute exacerbation of psoriasis, with 
complete involvement of lower extremities by red weeping lesions. After one 
injection of 1.0 Gm. intravenously, she improved, and was completely well 
upon completion of five injections at weekly intervals. Psoriasis of the sealp 
recurred after thirteen months. A second course of Naphuride Sodium, 
started two months after this recurrence, has just been completed. Half 
the lesions have cleared, and the remainder are Improving. 

Case 3.—A 57-vear-old woman had psoriasis for fifteen years. Involve- 
ment was variable but extensive. At the time of treatment, chronic, elevated, 
sealing lesions were present on head, trunk, and extremities. One month after 
completion of five injections of Naphuride Sodium at weekly intervals, very 
little improvement had occurred. A second course of five injections was started 
six weeks later. No further benefit resulted. 


106. DEVELOPMENT OF CIRRELIOSIS IN FATTY VACUOLIZATION 
OF THE LIVER 


LEON Scuirr, M.D., Enwarp A. Gaui, M.D. (By INvitation), AND 
BARBARA H. BiLuiInc, PH.D., CINCINNATI, O10 


An obese nonaleoholie white woman 55 veal'’s of age was observed elin- 
ically over a period of four years, during which time seven needle biopsies of 
the liver were performed, and repeated liver function studies were done. 

Fatty vacuolization of the liver was prominent in all the biopsy speci- 
mens. In the last tissue specimen obtained after four years of observation defi- 
nite cirrhosis is shown to be present for the first time. 

Data are furnished showing the validity of a diagnosis of both fatty vaeu- 
olization of the liver and cirrhosis on the basis of biopsy specimens. Data are 
also given on the distribution of fat both chemically and histologically in 
needle specimens obtained from various areas of the liver post mortem. 


107. A STUDY OF THE PORPHYRINS OF BONE MARROW AND 
LIVER IN THE VARIOUS FORMS OF PORPHYRIA 
Rupr Scumip, M.D. (By Invitation), AND CC. JJ. Watson, M.D., 
MINNEAPOLIS, MINN. 


Information has been obtained in a total of thirteen cases, two of the 
photosensitive (congenital) type, six of the acute intermittent, and five of the 
mixed (‘‘ehroniec’’ or ‘‘cutanea tarda’’) type. The material studied was ob- 
tained by biopsy in eleven cases and at autopsy in two. The study was based 
on microfluorospectroseopy and/or tissue extraction and fluorometry. 

The results reveal that the abnormal porphyrin formation in the photo- 
sensitive type is closely related to hemoglobin synthesis in developing red 
blood cells. The majority of the normoblasts in both eases exhibit intense red 
fluorescence. Microfluorophotography shows that the nuclei exhibit a red 
fluorescence of much higher intensity than the surrounding cytoplasm. This 
suggests that the nuclei take an active if not a primary part in porphyrin 
synthesis. Uroporphyrin I was erystallized from bone marrow gained by 
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needle biopsy. Polychromatie erythrocytes in the peripheral blood were 
similarly porphyrin laden. The spleen contained very large quantities of 
uroporphyrin I, whereas the values in the liver were much smaller. 

In the mixed (‘‘eutanea tarda’’) type the bone marrow porphyrins were 
within normal limits. Uroporphyrin was not present. The,immature red 
cells did not exhibit any red fluorescence. In these cases the liver exhibited 
strong red fluorescence with a maximum intensity around 636 microns. 

In the acute intermittent type also, the bone marrow porphyrins were 
normal, In the liver the uroporphyrin was present as a colorless and non- 
fluorescing chromogen, which could be converted to uroporphyrin by boiling an 
aqueous emulsion. The presence of uroporphyrin in the form of a chromogen 
in the liver is reflected in the urine of these patients where up to 98 per cent 
of the uroporphyrin is exereted as a colorless precursor. 

The results indicate that porphyrin synthesis in congenital photosensitive 
porphyria is fundamentally related to hemoglobin formation (porphyria 
erythropoietica). In the acute intermittent and the mixed type where the 
bone marrow was found to be normal, the liver is believed to be the site of 
abnormal perphyrin formation (porphyria hepatica). The presence or ab- 
sence of photosensitivity may depend on the ratio of preformed uroporphyrin 
to its colorless preeursor. 


108. QUANTITATIVE CHANGES OF LEUCOCYTES AND PLATELETS 
IN INDIVIDUALS WITIT OCCUPATIONAL EXPOSURE 
TO IONIZING RADIATIONS 


MARTIN SCHNEIDER, M.D. (By INviraTION), AND WILLIAM (C. Levin, M.D., 
GALVESTON, TEXAS 


An investigation was made of hematologic findings in individuals exposed 
to small frequent doses of ionization radiations over long periods of time. 
In all subjects studied, total erythrocyte and leucocyte levels were determined 
by the usual methods. Platelets were estimated by the indirect method, using 
Dameshek’s brilliant cresyl blue solution. Capillary blood was used. All but 
one of the subjects were males, of the same general age and nutritional levels. 
Determinations were made between 10 a.m. and 12 noon. 

Group I: Of thirty-four individuals who gave no history of occupational 
exposure to ionizing radiations, five (15 per cent) had leucoeyte counts over 
11,000. Five (15 per cent) had platelet levels below 150,000. None of these 
displayed a platelet count below 100,000. 

Group IT: Of seven radiologists with less than five years’ exposure, three 
demonstrated leucocyte counts above 11,000. None had a platelet count below 
150,000. 

Group Ill: Of fifty-three radiologists who reported five to thirty-eight 
years’ exposure, thirteen (25 per cent) showed leucocyte counts over 11,000. 
Seventeen (32 per cent) had platelet counts below 150,000; and six (11 per 
cent) had platelet counts less than 100,000. 

A significant leucopenia was not noted in any of the subjects studied. 
These data were subjected to statistical analysis using the Fisher ¢ test. A sig- 
nificant difference was found between the means of the leucocyte values of 
Groups I and HI, ef the order of probability of better than 1:100. <A similar 
analysis of the platelet values disclosed a probability of 1:7, which does not 
necessarily indicate a statistically significant difference. 
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The data suggest that frequent chronic exposure to small doses of ioniz- 
ing radiations for a period of many years may produce a leucocytosis. It is 
possible also that thrombocytopenia may occur in such cireumstanees, but 
studies of larger groups are indicated. 


109. SEBORRHEIC DERMATITIS, A LOCAL METABOLIC DEFECT 
INVOLVING PYRIDOXINE 
A. WILLIAM SCHREINER, M.D. (By INviTaTION), WILLIAM SLINGER, M.D. 
(By INviration), Vrrainra R. Hawkins, R.N. (By INvitration ), AND 
RicHarp W. Vitter, M.D., CIncINNATI, Onto 


Patients treated with desoxypyridoxine, a pyridoxine antagonist, develop 
dermatitis clinically and histologically indistinguishable from seborrheic der 
matitis. This lesion responds specifically to pyridoxine, and is a sign of hu- 
man pyridoxine deprivation. The similarity of induced seborrhea to that 
which occurs spontaneously prompted these studies. 

Patients were selected with seborrheic dermatitis of the ‘‘sicea’’ type in 
which the sealp, eyebrows, nasolabial folds, bearded and interseapular re- 
gions are covered with greasy adherent scales usually on an erythematous 
hase. 

Eleven were given 300 mg. pyridoxine orally and three received 100 mg. 
intramuscularly per day for four weeks with no change in the lesions. The 
amount administered was increased to 600 to 1,000 me. parenterally for one 
to three weeks, with slight Improvement in several patients. 

These failures did not eliminate the possibility that spontaneous seborrhea 
occurs because of local needs for pyridoxine which are excessively high. Tests 
showed that pyridoxine could be absorbed and utilized by the skin when ap- 
plied in ointment form (10 mg. per gram) and would relieve desoxypyridox- 
ine-induced seborrhea in seventy-two hours at the site of application. When 
desoxypyridoxine ointment (100 mg. per gram) was applied to mild spon- 
taneous seborrhea, the lesions were intensified after seven days in the areas 
treated. Local application of pyridoxine ointment but not parenterally ad- 
ministered pyridoxine cleared the intensified lesions in one week. 

Therefore, nine patients with spontaneous seborrheic dermatitis were 
treated with a control ointment, vanibase, for two to three weeks without 
improvement. Pyridoxine, 10 mg. per gram in vanibase, was applied when- 
ever possible to one involved area, leaving a symmetrically placed involved 
area as an additional control of the basie ointment. The areas treated with 
pyridoxine ointment cleared in five to twenty-one days. Control areas were 
not improved. After local therapy was stopped, seborrhea reappeared in two 
to three weeks. 

These studies indicate that the skin can convert pyridoxine in situ to a 
metabolically active substance. They strongly suggest that one type of sebor- 
rhea is due to a metabolie defect in the skin which increases the local re- 
quirement for pyridoxine. In a broader sense, these studies present a concept 
of disease due to a loeal, probably conditioned, deficiency state. 
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110. THE EFFECT OF LHYDRAZINOPHTHALAZINE AND 
HE NAMETIHONIUM ON TEYPERTENSTON 


Henry A. Scuroreper, M.D., St. Louis, Mo. 


An antihypertensive substance of moderate poteney is |l-hydrazino 
phthalazine, which lowers blood pressure while increasing renal blood flow 
and reducing increased filtration fraction. Fifty patients suffering from 
various types of hypertension were given this drug by mouth in doses of L100 
to 800 ing. per day, both in hospital and as outpatients, for periods varying 
from one to forty weeks. Sustained decreases of blood pressure were observed 
in thirty-five. In eight with ‘‘renal’’ hypertension and/or severe nephro- 
sclerosis, the average decrease was only 25 mm. systolic and 16 diastolie; in 
nine with malignant hypertension the decrease was 37 and 50 mm.; in twenty 
with neurogenic hypertension it was 33 and 25 mm.; and in a group suffering 
from miscellaneous conditions such as congestive failure, arteriosclerosis, and 
glomerulonephritis the change was minimal. Patients with ‘‘unsuecessful”’ 
sympathectomy were more susceptible to the action of the drug than those 
unoperated upon. In two cases prolongation of life probably occurred, malig- 
nant courses heing reversed; in the remainder no definite conclusions could 
be drawn. Albuminuria when present diminished or disappeared. Tolerance 
to the drug was occasionally observed, but toxie manifestations were minor in 
most «cases. Although the substance apparently acts on the central nervous 
system, possibly the midbrain, it also antagonizes the pressor action of angi- 
otonin. 

Hexamethonium bromide (by injection) and chloride (by mouth) were 
added to |-hydrazinophthalazine in eight cases; this compound aets by au- 
tonomie paralysis at the ganglion. Considerable synergistie effeet was ob- 
served, and blood pressure fell to only slightly elevated levels either without 
deleterious effeet on renal function or with improvement. Continuous admin- 
istration is essential for action to be sustained. In renal insufficiency the hypo- 
tensive effect was marked. Krom these preliminary observations it is believed 
that the use of l-hydrazinophthalazine and hexamethonium offers a practical 
therapeutic approach to the partial control of a majority of eases of arterial 
hypertension, which is more effeetive than other commonly employed methods. 


111. EXPERIMENTAL ‘‘PORPHYRIA’’ IN RABBITS 
SamuUEL Scuwartz, M.D., Micuaet Keprios, B.S., AND Ruprt Scuaip, M.D., 
MINNEAPOLIS, MINN. 


(INTRODUCED BY CC. J. Watson, M.D.) 


Studies undertaken to develop extreme coproporphyrinuria in rabbits 
have led to the induction of a condition which is chemically similar to por- 
phyria in human beings. Over 1,500 ng of both ecoproporphyrin and uropor- 
phyrin have been recovered from twenty-four hour samples of urine. As in 
acute intermittent porphyria, the urinary porphobilinogen reaction is positive. 
On the other hand, the excretion of the porphyrin in the free form (rather 
than as the zine complex), and the presence of large amounts of both copro- 
porphyrin and uroporphyrin in the bone marrow are similar to the congenital 
or photosensitive type of porphyria in human beings. 

Highest values of urinary porphyrin have followed the combined use of 
phenylhydrazine, lead, and exposure to unfiltered light from a mercury are 
lamp. 
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These rabbits have been found to be of great value for isotopie (C') 
studies of porphyrin metabolism. Following the administration of 250 x 10° 
counts per minute of glyeine-2-C', the urinary coproporphyrin of one rabbit 
showed 120 counts per minute per microgram. The relationships of this and 
other urinary and tissue porphyrins to one another and to hemoglobin synthe 


sis are being investigated, 


1122. THE INACTIVATION OF THROMBIN BY PLASMA 
ANTITHROMBIN 
WALTER H. Srecers, Pu.D., AND Kent D. MILLER, M.S., DETROIT, MIcuH. 


(INTRODUCED By ELWwoop A. SHarp, M.D. 


Plasma contains a substance which ean inactivate thrombin. It is inde 
pendent of heparin in its aetion, and a method has been devised for its quan- 
titative determination. This method is based on data which describe the 
fundamental nature of the thrombin-antithrombin interaction. In human pa- 
tients there may be marked elevation or depression from the normal anti- 
thrombin concentration. 

Bovine and human plasma stored at 5° C. retain their full antithrombin 
activities for about four weeks. This holds also for stored whole blood and 
serum. However, after thirteen weeks most of the antithrombin activity is 
gone from stored blood, plasma, and serum, Extraction of plasma with ether 
destroys all the antithrombin activity. No antithrombin could be adsorbed 
from plasma by kaolin, tricalcium phosphate, Fuller’s earth, magnesium oxide, 
activated charcoal, asbestos, Lloyd’s reagent, or barium sulfate. Serum does 
not contain as much antithrombin activity as does plasma. The difference, on 
an exact quantitative basis, is due to the neutralization of antithrombin by 
the thrombin derived from plasma prothrombin. 


SPONSE OF PATIENTS WITH 


118. CLINICAL AND HORMONAL RE 
‘ER TO ANDROSTENEDIOL 


ADVANCED BREAST CAN( 


A. Secatorr, M.D., B. N. Horwirr, Pu.D. (By Invitation), D. L. Gorpon, M.D. 


» 


(By Invitation), AND P. J. Murtson, M.D. (By INvITATION),. 


NEw ORLEANS, IA. 


Twenty patients with advanced breast cancer were treated with an- 
lrostene-38-178-diol in a dosage of 100 mg. intramuscularly three times 
weekly. The steroid was administered as an emulsion in water containing 50 
mg. per cubic centimeter. The duration of therapy was from nine to one 
hundred sixty-seven days. The patients varied in age from 37 to 77 years, 
and were from two months to twenty-three years postmenopausal. Most of 
the patients had both skeletal and soft tissue metastases, but a few had 
demonstrable metastases only in the soft tissues or skeleton. None of these 
patients showed a favorable clinical response to the steroid. There was a 
rise in the urinary excretion of 17-ketosteroids of lesser magnitude than seen 
with an equal amount of testosterone. There was a doubling of the excretion 
of formaldehydogenie corticoids, and the urie acid/creatinine ratio rose. There 
were no significant changes in the urinary excretion of creatine, creatinine, 
gonad stimulating hormone (uterine weight), pregnanediol, or prolactin. The 
gonad stimulating hormone (ovarian hyperemia) showed a decrease. 
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114. ENDOCRINE FACTORS IN EXPERIMENTAL RENATI, 
IYPERTENSION 
R. W. Sevy, M.S. (By INVITATION), AND G. E. WAKERLIN, M.D., Pu.D.., 
CuHIcaco, Ith. 


live normotensive dogs and twelve renal hypertensive dogs were given 
one or more courses of intramuscular injections of crude beef anterior pitu- 
itary extract (0.5 to 1.0 Gm. of fresh tissue equivalent per kilogram of body 
weight daily) for one to six months. There was no significant change in blood 
pressure in the normotensive group, although one of these animals appeared to 
be protected against the development of experimental renal hypertension fol- 
lowing subsequent renal artery constriction. In the renal hypertensive group, 
there was a significant reduction in the degree of hypertensive (‘‘p’’ value of 
less than 0.01). Repeated courses of treatment were more effective than 
single courses of treatment. 

One of five renal hypertensive dogs given intramuscular injections of 
ACTH (0.7 to 3.0 mg. per kilogram of body weight daily for one to three 
months) showed a moderate reduction in the degree of hypertension. The 
antihypertensive response occurred during a second course of treatment. 

The antihypertensive effeet of crude anterior pituitary extract is not cor- 
related with alterations in the renal clearances of creatinine or PAH, or with 
alterations in the response to the acute pressor action of renin. An im- 
munologic mechanism is suggested, although preliminary evidence indicates 
that antiadrenocorticotropin is not present in the serum of treated animals. 

Assays of plasma ACTH and determinations of adrenal aseorbie acid con- 
centration in normotensive and renal hypertensive dogs provided no evidence 
for altered pituitary-adrenal function in experimental renal hypertension. 

In three dogs, the administration of desoxycorticosterone acetate (5.0 mg. 
per kilogram of body weight daily and intramuscularly for two months pre- 
ceding, and up to one month after, renal artery constriction) did not hinder, 
and may have enhaneed, the development of experimental renal hypertension. 
During the development of experimental renal hypertension in these dogs there 
was no detectable renin in either femoral arterial or renal venous blood, and 
renal renin concentration was markedly reduced. 

Intravenous injections of semipurified hog renin (1.0 Goldblatt unit) pro- 
dueed a significant decrease in adrenal ascorbie acid concentration in normal 
rats, but not in hypophysectomized rats. Dog serum containing antirenin 
completely neutralized this action of renin. 


115. EVIDENCE FOR A HEMOLYTIC ANEMIA EXACERBATED BY 
X-IRRADIATION IN PATIENTS WITH CANCER 
Raymonp F. SHeets, M.D. (By Invitation), HENry E. Hamimton, M.D., 
KuMER L. DEGowI1N, M.D., WILLIAM C. KEETTEL, M.D. (By INvitaTion), 
AND CLINTON D. JANNEY, PH.D. (By INvitation), 
Iowa City, Iowa 

The destruction of fresh normal red cells of compatible heterologous blood 
group, transfused to four patients with carcinoma of the cervix uteri without 
hemorrhage, was measured by the method of differential agglutination. Dur- 
ing the study the patients received X-irradiation in doses of 400 roentgens in 
air daily for twenty to thirty days, and a total dose of approximately 5,000 
me. hr. of radium. The same rate of hemolysis was assumed for both donors’ 
and recipients’ cells. 
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Mathematical analyses of the disappearance curves of the biologically 
tagged donors’ erythrocytes revealed in every instanee evidenee of random 
destruction of erythrocytes of considerable magnitude, a phenomenon which 
does not occur in normal recipients and one which is commonly attributed to 
a hemolytic mechanism. In one instance the hemolytie process was present 
before X-irradiation was begun. In three cases only normal loss of transfused 
cells by aging was demonstrated until after irradiation when the rate of loss 
of erythrocytes was accelerated in a manner compatible with the interpreta 
tion of the aetion of a hemolytic mechanism. Direct exposure of donors’ 
erythrocytes to 1,000 roentgens in vitro and subsequent transtusion of the 
cells to a normal recipient vielded a normal cell survival curve. It was there- 
fore concluded that the hemolytie proeess noted in the patients with cancer 
was not eaused by direct irradiation of the erythrocytes, but rather could 
be attributed to a hemolytic agent from the neoplastie cells, with or without 
irradiation, or from the irradiation of normal tissue. 

The net gain or deficit of the recipients’ erythrocytes was calculated from 
simultaneous accurate counts of total erythrocytes and inagglutinable red cells 
by a modification of the method of DeGowin, Sheets, and Hamilton, previously 
published (J. Clin. Investigation 29: 693-715, 1950). In every instance the pa- 
tient was found to have been making erythrocytes at a much greater rate 
than normal to compensate, partially or completely, for the increased rate of 
hemolysis. The anemia which developed in most patients was therefore at- 
tributed to increased erythrocyte destruction rather than depression of eryth- 
ropoiesis, despite the possibility of localized suppression of the bone marrow 
in the regions directly subjected to the roentgenograms. 


116. CLINICAL AND LABORATORY STUDIES OF AN AQUEOUS 
ADRENAL CORTICAL EXTRACT 
CHARLEY J. SmytH, M.D., RicHarp W. WHITEHEAD, M.D. (By Invitation), 
Joun Hipaueo, Pu.D. (By INviration), AND Ropert F. WARNER 
(By INVITATION ) 


In 1931 Whitehead reported (Endocrinology 15: 495, 1931) the relief of 
pain and increased mobility in a patient with ‘‘arthritis deformans’’ follow- 
ing administration of small doses of an aqueous adrenal cortical extract. This 
observation was confirmed in unpublished data in six of eight patients with 
rheumatoid arthritis by Darley and Whitehead in 1935. 

Recent interest in antirheumatic tactors of the adrenal cortex stimulated 
a reinvestigation of this substance (ACE) which was prepared by a modifiea- 
tion of the method of Pfiffner and Swingle (1931). 

Two lots of extract* have been studied. Extract A was used within two 
weeks of its preparation; Extract B was stored at refrigerator temperature 
and used within four months after its preparation. Clinieal studies were 
made in six patients with rheumatoid arthritis treated for periods ranging 
from six to thirty-five days. Two patients who received Extract A obtained 
definite subjective and objective improvement. The four patients who were 
given Extract B received no benefit. 

Thorn tests were done on nine individuals without arthritis or detectable 
metabolic disease. These same subjects were subsequently given ACE, and 
eosinophil counts were determined as in the Thorn test. The freshly prepared 
extract (A) produced a prompt drop in the eosinophil count. Extraet B pro- 
dueed no eosinophil response. 


The Wilson Laboratories, Chicago 9, Ill., prepared one of these extracts. 
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In an attempt to determine whether the joint permeability was altered 
by the injection of these extracts, a method was used which is similar to that 
deseribed by Seifter and associates. These extracts had no effect on the time 
of appearance of phenolsulfonphthalein (PSP) in the urine or the rate of 
its excretion after the injection of the dye into the knee joint of the anes- 
thetized rabbit. Cortisone and hydroxy-phenyl cinchoninie acid (HPC) were 
also without effect. These and other studies indicate that ACE, cortisone, and 
HPC have no effect on the permeability of the synovial membrane of rabbits. 

These studies indicate that there is one or more water soluble substances in 
the adrenal cortex which have cortisone-like actions. The properties of this 
extract are being further investigated. 


117. A METABOLIC EVALUATION OF SIMULTANEOUS ACTH AND 
CORTISONE THERAPY 

C. L. Spurr, M.D., H. H. BENNEtT, M.D. (By Inviration), T. P. O’Barr, M.S. 

(By INVITATION), AND V. E. Davis, M.S. (By Invitation), Houston, TEXAs 


For sixteen months a program of simultaneous ACTH and _ cortisone 
therapy has been used in the control of collagenous disease. This was proposed 
as a means of nullifying the abnormal hyperplasia of the trophie response and 
hypoplasia of cortisone. A group of eight cases has been observed for periods 
of three to sixteen months. Subjective and objective clinical evaluation has 
indicated a better clinieal response than seen when either substance was given 
alone. 

Analytical metabolic evaluation on two patients was conducted after 
fourteen and sixteen months combined therapy, and on a patient who had 
twelve months prior combined therapy but had received no treatment for 
four months. Comparative periods ot eight days were used without treat- 
ment, with each hormone alone and combined. Doses of 10 to 20 mg. ACTH 
and 12.5 to 25 mg. cortisone every twelve hours were used. Water balance 
was constant as indicated by body weight and specifie gravity, antipyrine 
diffusion, and inulin extracellular space. No significant changes in sodium or 
potassium excretion were noted, except in one case under combined therapy 
fourteen months. This urinary Na/K ratio of 0.1 to 0.5 continued regardless 
of therapy, and reflects renal involvement, not toxicity. Eosinophil and uric 
acid/creatinine ratios show normal responsiveness. Nitrogen, phosphorus, 
and creatinine balanees were normal. The carbohydrate utilization as measured 
by the insulin tolerance and glucose insulin tolerance showed slight changes in 
sensitivity within normal range, the curves during combined therapy being 
between the ACTH resistant curve and the more sensitive reaction to cortisone. 

Levels of 17-ketosteroid and 11-oxysteroids show variation suggestive of 
a higher exeretion on ACTH with moderately lower values for combined 
therapy and cortisone, respectively. Variations in gonadotropins are difficult 
to interpret, but increased excretion was present in each case during ACTH 
and combined therapy. The I'*' uptake was studied with the 1 ye dose and 
the Scintillation Counter. There was some suppression of uptake during treat- 
ment with an increase to normal after removal. One patient, after prolonged 
combined treatment, showed an increased rate of uptake and discharge after 
cessation of therapy suggestive of TSH effect. 
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118. CHRONIC ULCERATIVE COLITIS—RECENT OBSERVATIONS OF 
THE CLINICAL AND BACTERIOLOGIC RESPONSE TO A 
NEW PREPARATION OF AUREOMYCIN 
MicuarL H. SrreicnHer, M.D.. AND Rospert FEF. KNrertnGc, M.D. (By Invitation), 


CHIcAGO, ILL. 


Sixty patients afflicted with chronic ulcerative colitis were studied elin- 
ically and proctoseopically. Aureomyein thrice recrystallized was admin- 
istered orally to each patient in varying doses; the patients were hospitalized 
and controlled during these studies. 

Determinations of levels were made daily in the blood, urine, and stool. 
‘rom twenty-eight to one hundred twenty bacteriologic determinations were 
made on the stool of each patient. Each patient was studied from fourteen to 
sixty days. A significant periodic response is noted in the bacterial flora of the 
stool during prolonged intake of aureomyein. Based on this periodi¢ response 
the duration of intake is determined. Evidence is presented to determine 
whether or not aureomyein is primarily bacteriostatic or bactericidal. 


119. THE TREATMENT OF ESSENTIAL HYPERTENSION WITH 
DIHYDROGENATED ERGOT ALKALOIDS 


GEORGE C. Surron, M.D., AND WILLIAM B. BUCKINGHAM, M.D.., 
(HicaGco, Ibn. 


INTRODUCED BY Don C. Surron, M.D. 


An evaluation of the effect of oral administration of dihydrogenated ergot 
alkaloids (svmpathicolytie agents) was made on a group of patients with ad- 
vanced hypertensive disease. This group showed predominantly cardiac 
manifestations, while some had central nervous system manifestations, and 
others renal manifestations. The average age of these patients was 57.5 years, 
and ranged from 30 to 78 vears. The duration of hypertension prior to treat- 
ment was 5.4 vears, and ranged from zero to twenty vears. In the majority 
of the patients there was a drop in mean blood pressure (systolic plus di- 
astolic) which averaged 28.4 mm. He following the initial administration ot 
oral doses, ranging from 1 to 16 mg. daily. In a small group, however, the 
mean blood pressure rose an average of 12 mm. Hg on initial administration of 
the drug. Most patients were given test doses of 2 mg. of the drug intravenously, 
and the hlood pressure fell below the oral treatment level. In those 
cases which were controlled by the substitution of placebo, there was no ap- 
preciable change in mean blood pressure. 


120. CREATINE VALUES IN BLOOD AND MUSCLE AS AFFECTED 
BY HEART FAILURE 
Don C. Surron, M.D., GrorGe HInKENs, M.D. (By INvitTatIion), GEORGE C. 
Sutton, M.D. (By InvitTaTION), AND WILLIAM B. BucktnGcHaMm, M.D. 
(By INvitatTIon), CHicaGco, Iu. 


The creatine values in whole blood of normal individuals, and those with 
various degrees of heart failure, have been previously reported. Continuation 
of the study includes observations as to the effect of various types of therapy 
upon the rapidity of recovery to normal creatine levels. The determination of 
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creatine levels in biopsied muscle during heart failure and recovery of com- 
pensation have been compared with blood values. A possible role of tocoph- 
erols In ereatine metabolism is discussed, 


121. COMBINED MICROSCOPIC AND FUNCTIONAL STUDIES ON 
THE CARDIAC CONDUCTION SYSTEM OF TILE DOG 
('. B. Taytor, M.D., G. FL Vawter, M.D. (By Invitation), O. Paut, M.D. (By 
INVITATION), L. NELSON, B.S. (By Inviration), C. Davis, Jr., M.D. 
(By INVITATION), AND G. M. Hass, M.D., Cuicaco, ILL. 


A group of forty-one dogs was anesthetized with Nembutal. The heart 
was exposed by aseptic surgical technique. Lesions along the theoretical 
course of the eardiae conduction system were produced by a special freezing 
tool. All cellular structure exposed to freezing was rendered functionless. 
Extracellular structure persisted so that a high degree of anatomic continuity 
was retained.  Eleetrocardiographic tracings were taken before, during, and 
after freezing. When animals survived, tracings were taken at intervals up 
to seven days after the operation. The hearts operated upon were removed 
immediately after death or sacrifice of the animal. They were perfused 
through the coronary arteries with cold absolute aleohol and fixed thereafter 
in alcohol. Microscopic studies were made of serial sections of the lesions 
and tissues adjacent to lesions along the course of the theoretical conduction 
system. Sections were stained for glycogen. 

Discrete focal lesions properly placed were accompanied by -permanent 
atrioventricular block in three animals, right bundle branch block in three 
animals, and left bundle branch block in two animals. These lesions occurred 
in the course of the glycogen-rich myofibrils of the main bundle of His, the 
right bundle branch, and the left bundle branch, respectively. Lesions which 
showed only partial involvement of or close relationship to glyeogen-rich 
bundles were not accompanied by permanent conduction disturbances. Tem- 
porary atrioventricular block was produced in five animals and temporary 
nodal rhythm in three animals when lesions were made on the endocardial 
surface of the posterior wall of the right atrium in the theoretical location 
of the atrioventricular node. Temporary or permanent changes in the au- 
ricular pacemaker occurred in eight animals in which large lesions were pro- 
duced along the suleus terminalis. Other variations of eleetrocardiographie 
conduction patterns occurred. In general, these did not persist beyond twenty- 
four hours, and were attributed to tissue anoxia or manipulation. 


122. THE PRODUCTION OF CARDIAC LESIONS RESEMBLING 
ACUTE RHEUMATIC CARDITIS BY STREPTOCOCCAL 
INFECTION AND A MODIFICATION OF THE 
SHWARTZMAN REACTION 


Lewis THomas, M.D., MINNEAprOLIS, MINN. 


It has been previously shown that treatment of rabbits with cortisone 
results in greatly increased susceptibility to infection by Group A hemolytic 
streptococci. Overwhelming septicemia and death occur regularly in ecor- 
tisone-treated rabbits after a single intracutaneous injection of streptococci; 
similar infections produce no ill effects in untreated animals. When rabbits 
die within four days after infection, colony-like accumulations of streptococei 
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are demonstrable in histologic sections of heart muscle; comparable depositions 
of cocei are not seen in other tissues. Cortisone thus appears to bring about 
a streptococcal infection in which the heart is intimately involved. 

It is known that a streptococeal infection of the skin produces a state of 
loeal preparation for the Shwartzman phenomenon; a subsequent intravenous 
injection of eram-negative culture filtrate results in) hemorrhagie necrosis 
throughout the infected skin site. 

To determine whether streptococea| infection Involving the heart will 
prepare this organ for the Shwartzman phenomenon, the following experi- 
ment was performed. Rabbits were treated with 12 mg. of cortisone daily 
for four days, and injected intracutaneously with streptococei on the third 
day. Cortisone was discontinued on the fourth day to permit survival of the 
majority of animals, since more prolonged treatment consistently caused fatal 
infections. At varying intervals after the streptococcal infection, a sublethal 
dose of Shear’s S. marcescens toxin was given intravenously in an amount suft- 
ficient to provoke the Shwartzman reaction in skin. 

Death oceurred in almost all rabbits within five days after the injection 
of toxin. At autopsy, petechial and confluent hemorrhages were grossly 
visible on the surface of the heart and throughout the myoeardium. Miecro- 
scopically, hemorrhage, necrosis, and extensive pancarditis were observed in all 
rabbits. Outstanding histologic features ineluded neerosis of the myofibrils, 
perivascular depositions of fibrinoid, and accumulations of owl-eved cells and 
multinucleated giant cells. In general, the resemblance to the lesion of acute 
rheumatic carditis in the human being was striking. 

The observations suggest that a mechanism analogous to the Shwartzman 
reaction, superimposed on streptococeal infection, may play a role in the 
pathogenesis of the rheumatie cardiae lesion. 


123. DIURNAL RENAL FUNCTION PATTERNS IN DISEASES 
ASSOCIATED WITH SO-CALLED PRERENAL AZOTEMITA 


M. Toor, M.D., J. Sramuer, M.D., G. Becker, M.D., ANd C. Conn, M.D., 
(‘HIcaGco, ILL. 


(INtTROoDUCED BY L. N. Katz, M.D.) 
(By J. Stamuer, M.D. 


ew quantitative data are available on the pathophysiology of so-called 
prerenal azotemia. In order further to clarify the mechanisms of this syn- 
drome, we analyzed diurnal patterns of nitrogen metabolism and renal fune- 
tion in a group of patients with diseases commonly complicated by prerenal 
azotemla. 

Of five patients analyzed, three were diagnosed as acute myoeardial in- 
faretion; one had a gastrointestinal hemorrhage; biliary tract surgery was 
performed on the fifth. 

Twenty-four hour urine specimens were collected daily in three samples, 
morning (AM), afternoon (pm), and night (N). Analyses accomplished were: 
endogenous creatinine clearance (interpreted as an index of glomerular filtra- 
tion rate) ; urea clearance; Na and K clearances; period-by-period and twenty- 
four hour outputs of urea, Na, K, H.O; blood eosinophil counts. Reeords of 
food and fluid intake, body weight, blood pressure, and general clinical course 
were maintained. 

In all five patients acute illness was associated with negative nitrogen bal- 
anee; depression of both endogenous creatinine and urea clearances occurred 
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concomitantly. Despite these common phenomena in all five cases of in- 
creased nitrogen catabolism (elevated renal nitrogen load) and impairment 
of renal function, two patients exhibited normal plasma urea levels through- 
out. Only three became azotemic. The varying diurnal patterns of renal fune- 
tion exhibited by these patients account for these differences. Thus in the two 
nonazotemie patients only moderate depression of clearances supervened 
during afternoon and night periods; during morning periods, a consistent 
marked rise of clearances occurred to hypernormal levels. Values as high as 
270 and 123 ml. per minute were recorded for endogenous creatinine and urea 
\M clearances, respectively. In contrast, the azotemie patients exhibited low 
clearance values for all three periods; very marked depression of the pm and N 
clearanees; and oliguria. 

These findings indicate that the pattern of plasma urea changes occurring 
in diseases commonly complicated by so-called prerenal azotemia is the re- 
sultant of essentially two factors: (a) altered rate of urea production, and 
(b) funetional changes in glomerular filtration rate and hence in urea ¢lear- 
ance (the latter being also a function of urine flow rate). Discussion will 
present possible mechanisms and therapeutic implications of these responses. 


124. INVESTIGATION OF THE ESTERIFICATION OF 
CHOLESTEROL IN BLOOD SERUM 


ARNOLD WAGNER, M.D., CHARLES A. POINDEXTER, M.D., AND 
LENORE RoGALSKI, B.S., Evanston, ILL. 


(INTRODUCED BY Howarp L. Aut, M.D.) 


In 1955 Sperry observed that the incubation of serum resulted in a de- 
crease of free cholesterol without change in the total. This apparent 
esterification is thought to be due to the presence in serum of an anabolic 
cholesterol esterase. A gross estimate of this serum esterase activity (SEA) 
‘an be obtained through observation of the change in cholesterol] partition 
after three days of incubation. It is expressed as the per cent decline of free 
cholesterol initially present, the per cent increase of esterified cholesterol, or 
the altered combined-to-free cholesterol ratio. 

Three to five serial estimations of SEA were performed in each of nine- 
teen healthy girls, aged 17 to 20 years, over periods of thirty-five to three 
hundred ninety-one days. The seventy-six sera studied showed normal com- 
bined-to-free cholesterol ratios (2.31:1 to 3.12:1) prior to incubation. After 
three days the ratios varied from 3.89 to 13.88; 89 per cent fell between 5.00 
and 10.00. The total mean was 7.47 + 1.99. The individual standard devia- 
tions ranged from 0.49 to 3.72, with 89 per cent between 0.5 and 2.0.) By 
comparison, the sera of six middle-aged atherosclerotic individuals having 
normal ratios before incubation yielded ratios of 4.04 to 6.00 (mean 4.89) 
after three days. The sample is too small for statistical significance, but the 
results suggest relatively less SEA in this group. 

The sera of fourteen rabbits were studied before and after the induction 
of hypercholesterolemia, The SEA was increased in four rabbits, diminished 
in six, and unehanged in two. In the remaining two hypercholesterolemic 
animals, incubation of serum resulted in hydrolysis of esters, reversing the con 
trol findings. 

When USP cholesterol was added to human serum in either molecular or 
emulsified form, it was not esterified. Human SEA was unchanged or variably 
inhibited by in vitro addition of choline, glycerol, stearic acid, oleic acid, 
saponin, sodium choleate, Tween 80, adenosine triphosphate, sodium pyrophos- 
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phate, cozymase, and sodium fluoride. The addition to serum, before incuba- 
tion. ot a mixture ot SOV bean phosphatides (ilidden regularly resulted In 
increased SEA. One lot in seven was inert. 


125. THE RATE OF ASSIMILATION OF FRUCTOSE FOLLOWING 
THE INTRAVENOUS ADMINISTRATION TO PATIENTS WITH 
DIABETIC ACIDOSIS AND TOTAL PANCREATECTOMY 
THEODORE E. WEICHSELBAUM, PH.D. (By INVITATION), AND 
WILLIAM H.. DauaHapay, M.D., St. Louis, Mo. 


Intravenously administered fructose is assimilated at a greater rate than 
glucose in normal man (Proc. Soc. Exper. Biol & Med. 75: 816, 1950). Be- 
cause fructose utilization appears to be independent of insulin action, we have 
studied the assimilation of this sugar in four cases of severe diabetic acidosis. 
In addition to fructose, each received fluid and electrolyte replacement and 
insulin. From 0.8 to 2 Gm. of fructose per kilogram of body weight per hour 
was administered intravenously for one or two hours. The maximum blood 
fructose level in each was 45, 63, 74 and 180 mg. per cent. The glucose level 
did not change significantly. Only 2, 7, 4, and 3 per cent, respectively, of 
the administered fructose appeared in the urine as fructose during the infusion 
and the subsequent three hours. The rate of carbohydrate retention based on 
total carbohydrate excretion during the same period was 49, 56, 44, and 58 
(am. per hour. The plasma potassium fell less than 0.4 meq. per liter. 

To compare the assimilation of glucose and fructose in the absence of 
insulin, we administered these sugars intravenously to a patient who had had 
a total panereatectomy for islet cell adenomas. Regular insulin was with- 
drawn for fourteen to eighteen hours, by which time the blood sugar level 
was from 300 to 418 mg. per cent, and ketone bodies were present in the urine. 
(ilucose and fructose solutions were infused intravenously for one hour at a 
rate of 0.75 Gm. per kilogram per hour. Each sugar was administered on two 
oecasions. Following fructose the blood fructose level did not exeeed 47 mg. 
per cent, while the rise in blood glucose was less than 76 mg. per eent. Only 
6 per cent of the administered fructose was excreted. The rate of total ear- 
bohyvdrate retention was 36 Gm. per hour. 

When glucose was administered the blood glucose rose to 530 mg. per cent. 
Seventy-eight per cent of the glucose was excreted during the infusion and the 
subsequent two hours. Glucose was assimilated at a rate of 15 Gm. per hour. 
A rise in blood pyruvate occurred after fructose but not after glucose infusion. 


126. THE DISTRIBUTION OF FRUCTOSE AND OF GLUCOSE IN 
TOTAL BODY WATER AFTER INTRAVENOUS INJECTION 
THEODORE E. WrEICHSELBAUM, PH.D., AND Ropert ELMAN, M.D., 


Sr. Lours, Mo. 


INTRODUCED BY CyrIL M. MacBrypr, M.D.) 


Observations already published show that fructose after intravenous in- 
jection rapidly left the blood stream without appearing in the urine. Subse- 
quent to this we observed that at the end of the infusion fructose appeared in 
venous blood at a higher concentration than in arterial blood, Simultaneous 
analysis of liver and musele showed equivocal changes in glycogen content, 
hut significant increases in fructose content. These observations were all in 
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the human being. In animal experiments fructose infusions led to a rapid 
increase of free muscle fructose. Calculation of the data showed that muscle 
water on the basis of a 70 per cent muscle water content contained 90 per 
cent as much fructose as plasma water. This is, of course, a close approach 
to the distribution of fructose in total body water. It would seem, therefore, 
that fructose has the ability to enter or leave the body cell in the free state. 
Thus the distribution of fructose in total body water accounts for the phe- 
nomenon of the rapid disappearance of fructose without consequent rises in 
musele and liver glycogen. 

Similar experiments in animals with massive doses of intravenous glucose 
showed a higher distribution in muscle water than previously observed by 
olin and by others, provided the samples were taken early during the infusion. 
The increase was, however, less than with fructose (75 per cent as eompared 
with 90 per cent). However, when insulin was added to the glucose in ap- 
propriate amounts, the distribution of glucose approached that obtained for 
fruetose. 

These findings suggest that glucose with the aid of insulin behaves like 
fructose, and may mean that one of the first steps in the action of insulin is to 
permit the entranee of free glucose into muscle. 


127. CONCENTRATION OF A LEUCOCYTOSIS-PRODUCING FACTOR 
FROM LEUCOCYTES 
AUSTIN S. WEISBERGER, M.D., KENNETH C. Rospptns, PH.D. (By INvrration 
AND Rospert W. HEINLE, M.D., CLEVELAND, OHIO 


Previous experiments have revealed that the intravenous or intra-arterial 
transfusion of leucocytes in animals resulted in a prompt and profound leuco- 
penia, due principally to sequestration of leucocytes in the lung. It was also 
observed that the injection of partiele-free saline extracts of disintegrated 
leucocytes, as well as intact leucocytes, regularly induced a profound leueco- 
penia rapidly. In the majority of instances a marked leucocytosis developed 
subsequently in four to six hours, not the result of release of trapped cells 
from the lung. <A study of the substances in leucocytes responsible for pro- 
dueing the leucopenia and leucocytosis was undertaken. 

Concentration of a leucoecytosis-producing factor from particle-free ex- 
tracts of leucocytes disintegrated by ultrasonie vibration has been aecom- 
plished, with 40 per cent methonal under controlled conditions of tempera- 
ture, pH, and electrolyte concentration. Optimum prepcipitation of the leueo- 
cytosis-producing factor from rabbit leucocytes occurred at pH 5.3, with less 
active material being obtained over a pH range from 4.5 to 6.12. Heating at 
56° C. for thirty minutes did not cause inactivation, but exposure to 100° C. 
for sixty minutes resulted in complete loss of activity. There was no loss of 
activity after dialysis across a cellophane membrane against 0.15M sodium 
chloride for twenty-four hours. Ether extraction did not remove the active 
fraction. 

A moderate leucopenia of short duration was produced by most of these 
fractions, indicating that the leucopenia-produecing factor(s) was not con- 
centrated by this technique. 

Similar fractions of leucocytes from a patient with chronie granulocytic 
leueemia yielded leucocytosis-producing precipitates over a pH range of 4.5 
to 6.12. However, similar fractions of leucocytes from two patients with 
ehronie lymphoeytie leucemia and from one patient with lympholeucosarcoma 
had no leucoecytosis-producing activity. It is considered likely, therefore, 
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that the leucocytosis-producing activity is specific for granulocytie cells and 
is absent from lymphocytic cells. Further isolation experiments and investiga- 
tion of the role of leueopenia- and leucocytosis-producing factors in various 
physiologic and pathologie disorders of the leucocytes are being pursued, 


128. SOME STRUCTURAL REQUIREMENTS OF COMPOUNDS 
CAPABLE OF MODIFYING NITROGEN MUSTARD- 
INDUCED LEUCOPENIA 
AUSTIN S. WEISBERGER, M.D., Ropert W. HEeEINLE, M.D., AND BENNETT LEVINE, 
M.D. (By INvITATION), CLEVELAND, OHIO 


Administration of L-cysteine prior to injection of nitrogen mustard 
(HN2) prevents the severe neutropenia characteristically induced by HN2 in 
animals and man. If given any time after HN2 administration, even immedi- 
ately, cysteine is without effect. The specificity and mechanism of the 
L-cysteine protection were investigated by testing various amino acids and 
sulfhydryl containing compounds of closely related structure. Only l-cysteine, 
DL-homocysteine, and glutathione were effective in modifying the leucopenia 
induced by HN2. Those compounds contain sulfhydryl, amino, and = ear- 
hoxyl groups in close apposition. In L-cysteine, the most effeetive of the 
three, they are on adjacent carbon atoms. Alteration or substitution of any 
one of the groups resulted in complete loss of activity. Thus, alanine, serine, 
methionine, thiomalie acid, and thioglyeolie acid did not modify the leuco- 
penia. Compounds with additional sulfhydryl groups (BAL), and with ad- 
ditional amino groups (thiourea) as well as ascorbic acid were ineffective also. 

All of the above compounds rendered HN2 inert after ineubation in vitro. 
However, neither the reducing potential of a compound, nor the presence by 
themselves of free sulfhydryl, amino, or carboxy] groups, could be correlated 
with the ability of the compounds to prevent leucopenia in vivo. It is un- 
likely, therefore, that the protective effect of L-cysteine is due solely to the 
inactivation of HN2 in vivo. Further, the fact that the therapeutie effect of 
HN2 was not measurably altered by the leucopenia-modifying compounds 
argues against simple HN2-inactivation. It should be noted that L-cysteine 
and glutathione also have a protective effect against roentgen rays as measured 
by survival times in animals. 

These observations suggest that HN2 causes leucopenia by inactivating 
some substance(s) which is protected by L-evsteine, and the possibility exists 
that L-cysteine is essential for proper leucocyte, especially granulocyte, forma- 
tion. Results obtained to date indicate that L-cysteine cannot be replaced by 
any other except structurally closely related compounds containing sulfhydry|, 
amino, and probably carboxyl groups in close apposition. 

Further experiments with other compounds, particularly D-cysteine, hith- 
erto unavailable, are in progress as well as experiments designed to produce 
eysteine-deficieney in animals, to study the role of these compounds in leuco- 
cyte metabolism. 
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129. COMPARATIVE VALUE OF PRECORDIAL ELECTROCARDIO- 
GRAMS OBTAINED WITT CE AND VO LEADS 


Morris M. Wertss, M.D... LovisvinLe, Ky. 


The three standard leads, the three augmented unipolar extremity leads, and 
precordial positions 1 through 6, using CF and V leads, were taken in: indi- 
viduals without organic heart disease; disease which produced strain on the 
left ventricle; anterior myocardial infarction; and posterior myocardial in- 
faretion. The incidence and significance of ‘‘talse abnormalities’’ of the T 
wave in CI" leads has been exaggerated, and both V and CF leads ean result 
in ‘‘confusing’’ patterns in normals. In patients with left ventricular hyper- 
trophy, CF leads were superior. In anterior myocardial infaretion, both re- 
cent and old, the pattern, in 28.5 per cent of the cases, was more characteristic 
in the CF leads, especially in positions 5 and 6. In some eases all the V leads 
were normal. In no instance were changes present in any of the V leads that 
were not similarly noted in the CI leads. In posterior infarction, both recent 
and old, V leads were superior in diagnosing lateral extension of the lesion. 
Ina rare ease, V, was normal but CF, diagnostic. 

CI Jeads furnish valuable information. Their use should not be diseon- 
tinued. 


180. A VASCULAR DISTURBANCE AS THE LOCAL MECHANISM 
OF THE ACUTE ATTACK OF GOUT: ITS RAPID REVERSAL 
BY ADEQUATE TREATMENT WITH ACTH 
WiLLiAM Q. Worrson, M.D. (By Ixviration), AND WitutAm 1D. Ropinson, M.D., 
ANN ArRBor, MICH. 


The following points derive from elinical observations during over 100 
acute gout attacks and oscillometrie and plethysmographie (through Dr. 
Sibley W. Hoobler’s help) studies during a smaller number of episodes: (a) 
During acute podagra, dorsalis pedis, and posterior tibial pulses show strik- 
ing amplitude increases with foot blood flows and oscillometer indices up to 
600 per cent of normal. (b) Similar less intense changes occur in the un- 
affected foot, suggesting dependence of attack site upon the magnitude of 
vascular abnormality. (¢) Both extremities may also show oscillometer read- 
ings above the ankles which considerably exceed midleg or midthigh readings. 
This reversal of normal gradient suggests vasodilatation relatively localized 
to distal limb segments. (d) As edema develops, local oscillometrie indices 
may become less than on the unaffected side, though still absolutely elevated. 
Simultaneously, the excruciating early pain commonly mitigates, suggesting 
it to be a vascular pain which is relieved by the buffering effect of edema on 
vascular pulsation. (e) In gout, peripheral vascular insufficiency is uncom- 
mon, but it has been seen twice. Thereafter, attacks occurred in the knees in- 
stead of the feet, suggesting the potentiality for increased blood flow to be a 
prerequisite for attack. (f) After ACTH, vascular abnormalities rapidly 
return toward normal. Within four hours, blood flow and pulse amplitude 
may decrease 50 per cent before commensurate clinical improvement occurs. 
This is consistent with a direct blocking effect of increased corticoid levels 
upon the abnormal hemodynamics. (g) Gout differs from erythromelalgia in 
relatively sharp localization of pain to periarticular structures and absence of 
dermal temperature hypersensitivity. (h) That the vascular abnormalities 
deseribed are not nonspecific inflammatory concomitants is indicated by their 
magnitude, their simultaneous occurrence on the uninvolved as well as the 
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involved side, their rapid reversal by adequate ACTILT therapy, and by the 
probability that adequate peripheral circulation is required for the occurrence 
of podagra. Our observations suggest that the acute attack of gout is character 
ized by vasodilatation in a specific subdivision of the peripheral circulation, that 
clinical manifestations appear first on the side on which these changes are 
maximal, and that the excruciating pain of the fresh acute attack is prineipally 
of vascular origin. 


8k. A STUDY OF THE PHYSICAL, PHAGOCY TABLE, AND 
IMMUNOLOGIC ASPECTS OF TILE TRYPSINIZED 
ERYTHROCYTE 
CLAUDE-STaRR Wricut, M.D., Marruew ©. Dopp, PH.D. (By INviration 
Bertua A. Bovroncie, M.D. (By Invitation), S. MarGarer Evuiorr, M.D. 
By INvitaTION), J. ALBERT Baxter, M.S. (By INVITATION), AND 
JosEpH A. Bass, M.S. (By INviratIon), CoLUMBUS, OHIO 


The trypsinized erythrocyte has proved an interesting adjunet in the 
study of hemolytic anemias. The changes produced on the erythrocyte by the 
enzyme which result in their agglutination by serum containing incomplete 
antibodies are not known. Attempts to characterize these changes were made 
in the following comparative studies of normal and try psinized erythrocytes : 

l. Physical studies: Results indicated that trypsinization produced no sig- 
nificant changes in total counts, morphology, or fragilities (mechanical and 
osmotic) from the normal. 

2. Phagocytable studies: Trypsinized erythrocytes were shown to be more 
susceptible to phagocytosis and digestion by normal macrophages. When 
treated rabbit cells were added to tissue cultures of 3- to 5-day-old mae- 
rophages explanted from rabbit spleen, phagocytosis was observed in 52 to 90 
per cent of the macrophages, as compared to 3 to 7 per cent in control cultures 
with normal erythrocytes. Similar observations were made on normal cells 
sensitized with iso-immune serum. The entire process of ingestion, digestion 
and complete disappearance of trypsinized cells has been observed in twenty- 
seven minutes. 

3. Immunologic studies: A specifie agglutinin for trypsinized cells was ob- 
tained from rabbit serum immunized with either normal or trypsinized cells, 
hy homologous absorption of the anti-normal cell serum and by heterologous 
absorption of the anti-trypsinized cell serum. This trypsinized erythrocyte 
(‘“T-E’’) antibody (1) did not agglutinate or sensitize normal cells, (2) did 
not block agglutination of normal cells by homologous serum, (3) was not 
enhaneed by albumin, and (4) was not hemolvtie in the presence of comple- 
ment. 

The cells from five of nineteen hemolytic anemias gave specifie agglutina- 
tion with the ‘‘T-E”’ agglutinin. These five individuals showed both positive 
antiglobulin (Coomb’s) and trypsinized erythrocyte tests. The other pa- 
tients and normal controls were negative with antiglobulin and trypsinized 
erythrocyte tests and the ‘‘T-E’’ agglutinin. 

It may be theorized that the changes produced by enzyme treatment of 
erythrocytes detectable by serologic methods or by increased susceptibility 
to phagocytosis may be similar to the in vivo changes which determine the nor- 
mal life span of erythrocytes. Accentuation of this process may instigate 
the abnormal immunologic and destructive aspects of certain hemolytic 
anemias. 
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1382. A STUDY OF MYOCARDIAL INFARCTION OCCURRING 
POSTOPERATIVELY 
FELIX WROBLEWSKI, M.D., AND JOHN S. LADuE, M.D., Pu.D., 
New York, N. Y. 
(INTRODUCED BY LouIs LEITER, M.D.) 


In patients subjected to major surgery, coronary occlusion with myo- 
cardial infarction represents an uncommon but serious and challenging post- 
operative complication. 

Ten patients who experienced myocardial infarction postoperatively were 
studied in an effort to determine whether preoperative clinical information 
indieated a predisposition to the subsequent cardiae complication, and to as- 
certain the role of preoperative and intraoperative management in inducing 
and/or precipitating the infarction. Specifically, the role of past history, phys- 
ical findings, cardiae shape and size (roentgenographiecally), cardiae diag- 
noses, preoperative electrocardiogram, hemogram, operative duration, type 
of anesthetic, intravenous blood and other fluids, medications, ambulation, 
associated diseases, and postoperative complication were evaluated in the 
light of the patient’s subsequent postoperative course. 

The unusual elinical manifestations of postoperative myocardial infare- 
tion were compiled. Therapeutic management of the patients with coronary 
occlusion during the postoperative period was evaluated, and the patient’s 
subsequent course followed. Methods of reducing the 20 per cent mortality 
rate were considered. 


133. INFECTIONS DUE TO PSEUDOMONAS AND PROTEUS 
DEVELOPING DURING ANTIBIOTIC THERAPY 


ELLARD M. Yow, M.D., Houston, Texas 
(INTRODUCED BY JAMES A. GREENE, M.D.) 


Within recent months antimicrobial agents capable of suppressing the 
multiplication of almost all of the pathogenic bacteria have been given wide- 
spread clinical trial. None of the agents has been effective against all strains 
of the Pseudomonas (Pyocyaneus) and Proteus group of organisms. As the 
result of the suppression of other more pathogenic bacteria in the prophylactic 
or therapeutic use of the antibiotics, these relatively nonpathogenic organisms 
have frequently had the opportunity to multiply and to play an active part 
in the pathogenesis of infectious processes. 

Observations are presented on forty-three patients with infections due to 
Proteus and Pseudomonas developing during or following the repeated admin- 
istration of the commonly used antimicrobial agents. These organisms were 
isolated in pure culture or as the predominant organism in the presence of elin- 
ical evidence of a progressive infectious process. The infections involved 
the lung in five patients, pleura in four, meninges in three, peritoneum in one, 
joint space in one, urinary tract in twenty-four, and there was a generalized 
bacteremia in five patients. 
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THE CHLORIC ACID METHOD FOR TIE DETERMINATION 
OF PROTEIN-BOUND TODINE 


BENNIE Zak, M.S. (By Invitation), H. H. Wituarp, Px#.D. (By INvITATION) 
GorDON B. Myers, M.D., ANp A. JJ. BoyLe, Pu.D., M.D. 
(By Invitation), Detroit, Micu. 


A rapid and aecurate method is reported for the determination of protein- 
hound iodine in 2 or 5 ml. serum, adaptable to the simultaneous analysis of 
several samples. Trichloracetice acid is employed for protein precipitation. 
The major technical innovation consists in the use of chlorie acid, containing 
traces of sodium chromate, for protein destruction and simultaneous oxida- 
tion of iodine to iodate; the acid and organic matter are removable by volatil- 
ization, leaving all of the iodate in a soluble residue suitable for colorimetri¢ 
estimation. The latter is carried out by measurement of the catalytic action of 
iodine on the cerate-arsenite system. All steps in sample preparation up to 
colorimetric estimation are carried out in the same container, thereby elim- 
inating losses through transfer or distillation. Accuracy is demonstrated by 
excellent reproducibility and recovery. The values for protein-bound iodine 
ranged from 4 to 10 gamma per cent (average 7.1) in fifty normal individuals; 
to 22.5 (average 18.5) gamma per cent in twenty patients with 


from 13.5 
elinieal hyperthyroidism, and were below 3 gamma per cent in two patients 


with myxedema. 
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